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Learning Unit Purpose

This unit is one of eight Learning Units

As our nation’s economy, society at large, and envi- developed by Project ProBase to address

ronment are increasingly influenced by technolog- the critical need for upper high school tech-

ical innovations it is imperative that our educational nology education curriculum. The Project

system is able to keep pace and is able to prepare ProBase Learning Units utilize hands-on,

students for highly technical careers. This Project problem-based activities to introduce funda-

ProBase Learning Unit, titled Manufacturing Tech- mental technology concepts related to each

nologies, is designed to help prepare high school context area standard identified in Standards
for Technological Literacy: Content for the Study

of Technology published by the International

students who plan to go on to community college
technical education or university-level engineering

programs. Technology Education Association.

o Agriculture and Related Biotechnologies * Construction Technologies
* Entertainment and Recreation Technologies ® Energy and Power Technologies
¢ Information and Communication Technologies * Manufacturing Technologies

* Medical Technologies Transportation Technologies
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Constructivist-based
Teaching and Learning

Each Learning Unit is driven by authentic
open-ended problems offering multiple
opportunities for students to construct
knowledge about the world around them.
Constructivism is a learning theory based
on the belief that humans learn best when
they construct their own knowledge based
on their experiences.

One goal of the ProBase Learning Units is to
provide a variety of authentic, contextually-
based experiences that students can use to
construct accurate knowledge and develop
appropriate skills across the contexts of
technology. Constructivist learning is
accomplished by providing experiences
and opportunities that encourage students
to construct accurate knowledge. Each
Learning Unit considers the student as a
creator of knowledge and assumes that the
teacher will facilitate this acquisition of
knowledge. This is contrary to the notion
that teachers are “dispensers” of knowledge
and requires a paradigm shift for some.

As facilitators of learning, ProBase instruc-
tors will need to prepare for class in a
slightly different way. Students will still
need materials and equipment as they
engage in activities.

vi Project ProBase * Manufacturing Technologies

Instructors should review all of the learning cycles in
advance so that they know what materials and equip-
ment to gather as well as what types of demonstra-
tions must be provided. Another important reason
for reviewing the learning cycles is to begin thinking
about appropriate questions to ask the students.
Sample questions are provided in the Reflection phase
of each learning cycle. However, the instructor may
want to go beyond these questions to probe student
thinking to find out the technological perspective
students bring to the class. The instructor should

ask questions that challenge student thinking and
present new ideas that help students create concep-
tual change.



Connecting Standards for Technological Literacy:
Content for the Study of Technology

Enduring Understandings

Each Learning Unit developed by Project ProBase
was developed to address three to four enduring
understandings derived from Standards for Techno-
logical Literacy: Content for the Study of Technology (STL)
published by the International Technology Education
Association (2000/2002). According to Wiggins and
McTighe in Understanding by Design (1998, p. 10), an
enduring understanding “refers to the big ideas, the
important understandings, that we want students to
‘getinside of’ and retain after they’ve forgotten many
of the details.”

In an effort to distill the enduring under-
standings from STL, each standard was
filtered through the following questions:

* Does the standard represent a big idea
having enduring value beyond the class-
room?

® Does the standard reside at the heart of
the discipline?

* Does the standard require uncoverage of
abstract and often misunderstood ideas?

¢ Does the standard offer potential for
engaging students?

This process yielded nine enduring under-
standings. For a complete list of enduring

understandings along with corresponding
essential questions, see appendix page AA.

Students will understand:

. That technological progression is driven

by a number of factors, including indi-
vidual creativity, product and systems
innovations, and human wants and
needs.

. That technological development for the

solution of a problem in one context
can spinoff for use in a variety of often
unrelated applications.

. That technological change can be posi-

tive and/or negative and can have
intended and/or unforeseen social,
cultural, and environmental conse-
quences.

. How technological systems work, the

components of those systems, and how
they fit into the larger technological,
economic, and social systems.

. The compelling and controversial

issues associated with the acquisition,
development, use, and disposal of
resources.
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. That the complexities of techno-

logical design involve trade-offs
among competing constraints and
requirements, including engineering,
economic, political, social, and environ-

mental considerations.

. That technological design is a system-

atic process used to initiate and refine
ideas, solve problems, and maintain
products and systems.

. How technological assessment is used

to determine the benefits, limitations,
and risks associated with existing and
proposed technologies.

. How to utilize a variety of simple and

complex technologies.

Essential Questions

Each enduring understanding must be

“unpacked” to be meaningful for learning

and instruction. Therefore, each enduring

understanding has several essential ques-

tions associated with it. The essential

questions are addressed through the

learning cycles.

viii
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Bridge Competencies

In addition to focusing on the enduring understand-
ings derived from STL, each Learning Unit helps

to address a set of Bridge Competencies developed

in conjunction with a consortium of central Illinois
community college partners. Representatives from
this consortium reviewed each Learning Unit to
identify where the Bridge Competencies were being
addressed. Each Learning Unit contains a matrix that
reflects which Bridge Competencies are addressed in
that specific Learning Unit.

Learning Unit Framework

Each Learning Unit developed by Project ProBase
follows a similar format in an effort to be consistent
and true to a constructivist-based curriculum.

Preliminary Challenge

Students will be introduced to the Learning Unit
through a hands-on activity designed to pique
their interest and begin to establish a focus for the
Learning Unit.

Primary Challenge

Next the students are introduced to a robust Primary
Challenge, far too complex to be solved at this point
in the unit. Students will be asked to reflect on the
knowledge and skills needed to reach a plausible
solution to this challenge. This instructor-led discus-
sion happens just before the students are led through
a series of four-phase learning cycles designed

to develop the knowledge and skills necessary to
successfully complete the Primary Challenge. Time is
provided throughout the nine-week Learning Unit to
actually work on a solution to the Primary Challenge.



Four-phase Learning Cycles

In order to develop plausible solutions for the Primary Challenge, students must gain accurate knowl-

edge and appropriate skills throughout each Learning Unit. The learning experiences found in the

Project ProBase curriculum are developed using a four-phase learning cycle.

Phase one: Exploration

During this phase of each learning cycle, students
will be exploring selected concepts while engaged in
hands-on activities. The explorations are done indi-
vidually as well as in teams. The goal of the Explo-
ration phase is to have students construct accurate
knowledge about each concept under investigation.

Phase two: Reflection

The Reflection phase of the learning cycle offers an
opportunity for students to think about what they
know about the concepts under investigation. Their
reflections are recorded in an Inventor’s Logbook
that can be used to check their understanding,.

This phase of the learning cycle also provides an
opportunity for the instructor to clear up lingering
misconceptions and to be sure that all students are
ready to move on.

\
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Phase three: Engagement

The Engagement phase of the learning cycle
allows the students to apply the knowledge
and skills that they are constructing. This
phase reinforces their understanding of
the important concepts. The activities that
students are engaged in are as authentic as
possible and are often team activities.

|

This phase of the learning cycle is where
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> Phase four: Expansion

students can extend their new understand-
ings to new situations. Students should
select one of the activities from the several
that are suggested. Some of the Expansion
activities are designed to be done as indi-
viduals as homework and some are team
activities.

Introduction
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Student and Instructor

Roles During Each Phase of the Learning Cycle

IL ing Cycl
carng L-ycie Student’s Role Instructor’s Role
Phase
¢ Interacts with materials Asks questions
and equipment Gathers materials
. e (Collects, records, and Oversees safety and
Exploration S .
analyzes data skills instruction
¢ Designs solutions Encourages Inventor’s
e Investigates concepts Logbook entries
* Answers questions in Questions students
Inventor’s Logbook Leads class discussions
. * Forms generalizations Corrects
Reflection . .
¢ Compares team data misconceptions
e Participates in Facilitates class data
discussions sets
¢ Applies concepts, Supplies materials
principles, theories Keeps students on task
Engagement * Designs and builds Corrects lingering
solutions misconceptions
¢ Solves problems Assures safe practice
¢ Extends concepts to Provides appropriate
different contexts resources
. e Researches Questions students
Expansion . , .
e Journals in Inventor’s to ensure connections
Logbook are made to broader
context

Preparing for
the Challenge

o <Preparing”
for the Challenge

A goal of the Project ProBase curriculumis  students are asked to reflect on the Primary Challenge.

to have students work toward the Primary In many cases the student is provided time to work
Challenge throughout each Learning Unit. on the solution to the Primary Challenge for a day or

Therefore, at the end of each learning cycle two between learning cycles.

X Project ProBase * Manufacturing Technologies



e
LO\DQQ\K Inventor’s Logbook

Each Learning Unit developed by Project ProBase
makes use of an Inventor’s Logbook. Anicon like the
one above is placed throughout the Learning Unit
whenever students are expected to answer specific
questions, record data, or write down their observa-
tions. The specific requirements for this logbook are
left for you to determine.

The Inventor’s Logbook entries will also be used
to check and assess student progress toward the
concepts that each learning cycle is focused on.
The rubrics provided at the end of each learning
cycle contain an Inventor’s Logbook element where
the specific concepts are identified. This will
encourage your students to make regular entries in
their student text and provide dynamic documen-
tation of their progress.

Student Assessment

Student assessment is an important component in
the ProBase curriculum. The Instructor’s Guide
provides several optional rubrics to use for formative
and summative student evaluation. The Inventor’s
Logbook is designed to be a formative assessment

of student progress. The Instructor’s Guide contains
a rubric for assessing each student’s Inventor’s
Logbook. In addition, each Primary Challenge has a
rubric for summative evaluation.

The Engagement phase of each learning
cycle affords a unique opportunity to assess
student progress. Therefore, a rubric unique
to the Engagement phase is provided as often
as possible.

Rubrics have been inserted in the Instruc-
tor’s Guide and Student’s Guide for
assessing a student’s contribution to team-
work and daily engagement/preparation.

Materials and Equipment

The Project ProBase curriculum is designed
to be taught in a general technology labora-
tory facility. Each learning cycle details the
equipment and materials needed for that
specific activity. Each Learning Unit also
includes a compiled list of all the equip-
ment and materials needed for the unit in
the front of the Instructor’s Guide. By design
and as much as possible, the equipment and
materials used for the activities are easy

to find, over-the-counter materials. Where
appropriate and necessary, specific vendors
have been identified and their contact infor-
mation has been provided.

Introduction Xi



Learning Cycle One:
2a. How do technologies migrate from one
context (or location) to another and

what are the implications?

Learning Cycles Five and Six:

4b. What are the key elements of the
various technological systems and
what are the relationships between
these systems?

Learning Cycle One:

6b. What are the key factors that cause
designers to make decisions about
trade-offs, limitations, and constraints |
when designing new products and
systems? (Micro Factors)

Learning Cycle Three:

7b. To what extent can design problems be
approached through a series of generic
procedures (the design loop)?

Learning Cycles One, Two &

Three:

7c. What design criteria is typically
considered when developing new
technologies (i.e., marketability, safety,
useability, reliability, cost, materials,
etc.) and how do these influence the
final product/system design?

Learning Cycle Two:

7e. How can the attributes of design and
the principles of design aid in the
development of quality solutions?

Learning Cycles Four and Six:
9a. How are technologies used to control
devices and systems?
Learning Cycle Four:
9b. How do technologies communicate
with one another and provide
information to humans?

Learning Cycle Five:
9d. How is technological instrumentation
used to measure, calculate, manipulate,
and predict the actions of technological
devices and systems?

Xii Project ProBase * Manufacturing Technologies

Manufacturing Technologies Overview

Up to this point, we have been discussing the
Project ProBase Learning Units in general terms.
The following points will be specific to Manufac-
turing Technologies.

Enduring Understandings and
Essential Questions

The Manufacturing Technologies Learning Unit
focuses on three of the nine enduring under-
standings. As they complete Manufacturing Tech-
nologies students will understand:

2. that technological development for the solu-
tion of a problem in one context can spinoff
for use in a variety of often unrelated appli-
cations.

4. how technological systems work, the
components of those systems, and how
they fit into the larger technological,
economic, and social systems.

6. that the complexities of technological
design involve trade-offs among competing
constraints and requirements, including
engineering, economic, political, social, and
environmental considerations.

7. that technological design is a systematic
process used to initiate and refine ideas,
solve problems, and maintain products and
systems.

9. how to utilize a variety of simple and
complex technologies.

The essential questions addressed in each
learning cycle are correlated to the learning cycle
objectives.
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= Technological Design Loop

s a constructivist, problem-based curriculum, the ProBase

Learning Units offer a variety of opportunities for students

to engage in design activities. The ProBase Learning Units
have been developed for upper high school technology educa-
tion students. It is assumed that students engaging in the ProBase
curriculum possess some prerequisite knowledge and skills
regarding engineering design. If students do not have previous
experience in this area, it may be necessary to provide a brief intro-
duction to design-based problem solving. It is suggested that you
use the following design model adapted for the ProBase curriculum
from Standards for Technological Literacy (International Technology
Education Association, 2000/2002).

Clarifying
the Problem

Brainstorming
Ideas

Communicating

Results
technological
1 Selecting a
Implementing deSIgn lo op Potential Solution
Evaluating and Modeling and
Refining Prototyping

Testing

If you see a need to introduce the design-based problem solving
process, it is suggested that you do so in a constructivist manner
using a simple design problem. For example, you might have your
students use the model presented above as they design a cover
for a book or CD. You should attempt to use media beyond paper
and pencil such as modeling clay, Styrofoam'", Balsa wood, or
cardboard. Other simple design ideas include designing paper
airplanes, a package for their favorite snack, a marketing flyer for
a new product, an ergonomic handle for a shaving razor, or proto-
type cardboard seat or a model of other furniture pieces.

Project ProBase * Manufacturing Technologies
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Family Ties
Introduction

The purpose of this Preliminary
Challenge is to introduce students
to the Learning Unit through

a hands-on, minds-on activity.
Students should begin to see that
technological artifacts are manu-
factured through the utilization of
basic materials and processes.

Students will be exploring fabri-
cated products comprised of
multiple components and mate-
rials. As they disassemble their
products, they will be trying

to identify the materials and
processes that were originally
used in the manufacture of these
products.

Key Concepts

Each Learning Unit is designed

to facilitate several enduring
understandings. The key concepts
have been synthesized from the
enduring understandings and
essential questions and will focus
the learning cycles in this Learning
Unit. Each learning cycle is keyed
to one or more of the following
enduring understandings:

Students will understand:

4 Project ProBase * Manufacturing Technologies

preliminary Chaﬂenge

Family Ties

Introduction

been designed and created by humans, After taking a closer look at

all of the human-made products and systerns around you, it is hard to
imasgine what life would be like witheut technology. All of the many human-
made devices that surround our lives were developed through some type of
human-initiated mamifacturing process

T]'.('H\'{)I.L')(.Y ENCOMPASSES EVERY DEVICE QR S5YSTEM that has

People have been making (manu-
facturing] things for centuries.
Chur ancestors from thowsands of
years ago left remnants and arti-
tacts that have helped researchers
prove the existence of primi-
tve manufacturing. The oldest
torms of fechnology were devel-
oped for survival and domi-
nance. These technologies took § R SR |
the shape of various tools that 3 ; i - ﬁ
assisted in hunting and gath- B2 > R
ering, the consteuction of sheller and clothing, and military technologles.
Humans have come a long way from chipping away at stones to machining
precision titanium steel compenents for fighter aircraft. Many of the basic
processes involved in luening raw materials indo wsable lechnologles have
chamged little over the conturies.

Eefinements ot those basic processes, however, have resulted in new mamu-
facturing technologies. As processes change. so do materials, which in turm
enables us o improve existing, processes. If this sounds like 2 familiar cycle,
it may be due to its relationship o the design [oop that designers use to goide

[] Preject ProBase » Mamsbacouring Technolegies

. that technological development for the solution of a

problem in one context can spinoff for use in a variety of

often unrelated applications.

. that the complexities of technological design involve

trade-offs among competing constraints and require-
ments, including engineering, economic, political, social,
and environmental considerations.

that technological design is a systematic process used
to initiate and refine ideas, solve problems, and maintain

products and systems.

. how to utilize a variety of simple and complex technologies.




the developrvent of marketable and profitable products. Peedback is used o
comtinually reassess the design of a product in order to sobve problems and
meet the needs of the customer. Materials and processes are altered and
improved, ullimately, by refining the basic manufacturing peocess. Composile
plastics, for example, are in an increasing mamber of products, from sporting
goods to airplanes. Composites are the combination of two or more mate-
rals, with each keeping its own properties. One material "holds” everything
toether while the other serves as reinforcement, usually in the form of fibers.

When you consider that the earth and
its raw materials have not changed at
all, the development of these “new”
materials and processes i= absolutely
amazing! Even with refinements,

|— Plysiis

Mitaride)| <=

every manufacturing  process  or |— Compesite:
material from amy given time period
can be categorized according to the
midel shown in Figure 1. Under-
standing the different categories of
materials and processes enables you
o understand how all products are
gererally made. In the following
activity, you will have the opportu-
nity by examine a product cosely and,
using these basic categories, identify
the different materials and processes
that contribube to the end product.

fanly
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Facility Requirements

This activity can be conducted in any environment as long as
students can gather throughout the room in small teams.

Equipment and Materials
Based on a class of 28 students:

Each team of students will need a fabricated product that has multiple
components and materials. Suggested products include kitchen appli-
ances such as a toaster, mixer, or blender or power tools such as an
electric drill, a power saw, etc. You will also need the “Materials and
Processes Evaluation Form” sheet, found in each Student Guide.

Learning Unit Goal

The Learning Unit goal

provides a target for the

Manufacturing Learning

Unit. As students complete

this unit, they will be able to:

Utilize appropriate design prin-

ciples while developing an auto-

mated manufacturing machine.

Suggested Daily Outline

Day One Day Two

In'troduct10n, Disassemble

Disassemble roducts

products P

Day Three Day Four
Complete

Reflection, Begin | “Materials and

“Materials and
Processes Eval-
uation Form”

Processes Eval-
uation Form,”
and reassemble
product

Day Five

Introduction to
Primary Chal-
lenge, Enduring
Understandings
activity

Estimated Number of 50-
minute class periods: 5

Family Ties 5
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— Organics
— Plastics
. — Ceramics
Matoriate
— Composites

L— Metallic (ferrous and non-ferrous)

— Finishing
— Casting/Molding

— Forming

— Separation

_10 rocesses

— Conditioning

— Tabrication (combining)

Figure 1. Manufacturing families
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Teaching
| The major goal of this
P Preliminary Challenge is to
§ have students analyze and
differentiate between mate-
rials and processes utilized
to manufacture a variety of
products. Provide a copy of
the materials and processes
worksheet to each student at
the beginning of this activity
and make sure that the direc-
tions are clear. It may be a
good idea to have a product
(that one of the teams will
not be using) partially
disassembled to use as an
example. After introducing
the unit to your students,
provide them with time to
disassemble their products
and complete the materials
and processes form.

Please remind students not
to plug their product into any
power outlet. Also, let them
know that if their product
was in working condition
before disassembly that it
should be in working condi-

tion after the activity.

Preliminary Challenge

Many people who enjoy working with tech-
nology enjoy  taking things apart so they
can begin to understand how machines and
devices operate. Designers and englneers are
wery interested in how things work because
they use these ideas in designs for other appli-
catlons or systerns. Sometimes we disassemble
things to see how they work. However, in this

™

r'”‘?,w_ J
activity your reasen for taking something apart will be
Lo by b determine how the device was originally made

The process of assembly 15 offen quite amazing and requites careful planning
and coordination between humans and machines, Often, these assemblies are
done completely by machine. This is especially true of very small objects and
assemblies. How was each part made? Screws, plastic casings, and springs
do mot come from a mine deep in the ground. They must be processed from
existing materials. ¥What are the materials, and which processes were most
likedy msed bo create the final sub-components?

You will be working in eams of three to complete the
Preliminary Challenge. Your instructor has provided each
group with a fabricated product that is comprised of
muliiple components and materials Your task will be
to disassemble the product down to its sirmplest compo-
nents so that you can begin lo classify the Ly pes of mate-
rials ansd processes that were involved during the manu-
facturing process. Do not begin any classifications until
the components have been completely disassembled and

labeled. Be sure to proceed very carefully 20 that the prodect may

be reassernbled to its formverly functioning state once the activity is complete.

In Preject ProBase » Mamsbacouring Technolegies

Teaching
| When a component cannot be explored further you

will need to help students make a decision about going
§ further. Some plastic cases can be opened by cutting

along the seam and can then be glued back together.

Students should not break any sealed cases. You should
encourage your students to explore the components as thor-
oughly as possible. Students may need to conduct research
on the Internet or other resources to help them determine

some of the processes used to manufacture their products.

8 Project ProBase * Manufacturing Technologies




If you reach a sub-component that 18 too inteicale or thal requires special
tools during disassembly, your instructor should be consulted as o whether
further disassembly should be conducted. While disassembling the object, be
sure 1o place all fasteners and sub-components in a plastic ray or box 50 as
by st bose materials that will be reeded for reassembly after completing this

Preliminary Challenge.

s Review the family of materials and the family of processes as a class o

*

make sure that you understand what each of these categories should
inelude.

Begin disassembling your product and completing the “Material and

Process Evalaation” fable found on page 13,

Comne up with a nanve for each sub-component in your product and
begin listing them in the vertical column of the table.

As a team, begin discussing the material and process categories that
each sub-compement could be classified under and place a check under
each applicable columin. Some lems may involve more than oie process
and may even contain multiple materials. Be prepared Lo discuss those
exceptions with the rest of the class.

Family Ties

Teaching

ture the selected products.

Please caution students not to break sealed cases with

p force as this may result in injury or irreparable harm

§ to the device. After teams have completed this task,
discuss their findings as a class to determine which mate-

rials and processes are more commonly used to manufac-

Family Ties




Notes:
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* Asateam, provide an informal presentation of your findings to the
rest of the class. Your presentation should focus on the fellowing items:
a brief description of each component, materials classification(s), and

processes classification(s)

* After all of the feams have completed their presentations, reassemble
your product and return all of your materials and tools to their appro-

priate locations.

Material & Process Evaluation

Complete the form by inserting and identifying the name of the sub-compo-
nent in the correct column, placing a check mark in the appropriate “Mate-
rial Family™ colamm, and then briefly describing how the part was processed
during manufacturing in the appropriate “Process Family” column or
columns. You will need to add rows as necessary.

I Preject ProBase » Mamsbacouring Technolegies

Students are asked to complete the Materials and Process
Evaluation form found on the following page. Itis also a part
of their Student Guide. Students should complete the form

by inserting and identifying name of the subcomponent in

the correct column, placing a check mark in the appropriate
“Material Family” column and then briefly describing how the
part was processed during manufacturing in the appropriate

“Process Family” column or columns.

10 Project ProBase * Manufacturing Technologies
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Reflection

Students should be prepared to
discuss those exceptions with the
rest of the class. As a team, students
must give an informal presenta-
tion of their findings to the rest of
the class. Their presentation should
focus on the following:

¢ Brief description of each compo-
nent

* Materials classification(s)

® Processes classification(s)

After all of the teams have completed
their presentations, they should reas-
semble their product and return all
of their materials and tools to their
appropriate location.

In the Inventor’s Logbook space,
students need to take some time
to think about the many products

)

&

Take some tHme o think about the many products that the other leams used
and the products in your life that were not used. Provide a response to the
following questions in the Inventor's Loghook space provided.

1. In what ways have the use of materials in manufacturing changed
%

o

Logbeok PCI

over time? What materials do we use much the same as we have for
hundreds of years? {Refer to Figure 1)

2 Give an example of a product that, because of the use of a different mate-
rizl during construction, changed the way it was marufactured

3. Name a product that has led to the creation of another product. How did
the creation of the first product lead to the creation of the other? How
was the manufacturing process changed to accommodate the second
product?

L} Preject ProBase » Mamsbacouring Technolegies

that the other teams used as well
as the products they see/use on a
daily basis that may not have been
selected for this activity.

1. In what ways have the use of
materials in manufacturing
changed over time? What mate-
rial do we use much the same
as we have for hundreds of
years? (ReferbacktoFigurel.)

Answers will vary.

12 Project ProBase * Manufacturing Technologies

2. Give an example of a product that, because of the use of a

different material in its construction, changed the way it
was manufactured.

Answers will vary.

. Name one product that led to the creation of another (2nd)

product. How did the creation of the first product lead to
the creation of the other? How was the manufacturing
process changed to accommodate the development of the
second product?

Answers will vary.




primary Challeng,

Estimated Number of 50
minute class periods: 12
(throughout the unit & at the
end of the learning cycles)

One “Clean” Machine
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become widely wsed in a variety of public locations, including schools,
malls, and parks. lrems can be sold, such as food and postage stamps,

VEI\'DII\'G MACHINES ARE EVERYWHERE! The vending industry has

without the need for a human attendant. Hotels use these machines to

dispense bath products, aspirin, and other over-the-counter medications. Facility Requirements

Vending machines are achually automated stations that alkow consumer s o

place money into the machine, make a selection, and receive their product. The Primary Chﬂllenge can be

Most of these products are already manufactured before they are placed in

vending machines, However, there are some vending machines that make the Completed in a regular ClaSSI’OOI’n
product as well as dispense it. For example, coffee machines and some syrup-

based soft drink machines mix and package (the cup) the ingredients right Setting. HOWeVer, you may Want

before the comsumer’s eves.

e to lay plastic down on the floors
s solhuieiiegha @ leaking from students’ solutions.
extremely  competitive \JENDlNG COMPANY

market. One particular
chainofstores, The Soap
& Lotion Depot, would like to stand out from the pack and provide a unique . .
service o ik customers, The Soap & Lation Depod would like bo instal] a vending, Eq u I pm e nt and M aterl al S
machine in each of its stores that would dispense a customized product

according bo the customer's inpul.

Based on a class of 28 students
divided into four-person teams:

(e “Oean” Machine 15

The following is a basic list for

each group. Materials and

equipment will vary according

One “Clean” Machine to the sensors or requirements or

functions students select for their

Introduction soap dispensing device. When

ordering sensors, switches, actua-
The Primary Challenge should be introduced immediately after tors, etc,, be sure to order compat-
students complete the Preliminary Challenge so that they can begin ible components.

to relate concepts taken from the learning cycles back to the
Primary Challenge during the remainder of the nine-week period. cont'd on following page

One Clean Machine 13



(7) BASIC Stamp® HomeWork

™

Boards

Electronic components (resistors,
capacitors, etc.) for HomeWork

(=%
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=
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5 (7) Servo motors Spe | |hc- ally, the |?1.||11 wants a vending machine that would d?;%i‘.\i‘n:ﬂ. .!-ht;-H]l

of liquid soap with a monogrammed label after customers input their first

name and select thelr favorite color and scent. The Soap & Lotion Dept belleves

V . t f d .t h that by offering a customized product, it will be able to comer more of the

arie y OI sensor and switcnes bath and body product market. The company believes. the machine will not

. only satisfy current customers’ desines for recelving a customized product on

(push-button, float switch, etc.) aecmend; butwill also deevr-cw cusbemers o s sinres

The chain is so excited about the prospect of incorporating the vending
(7) Relays machine into its stores that it has asked you to “prove the concept.” In order to
prove the concept, you will need o develop a profotype of a vending machine
that will serve all of The Soap & Lobion
Depat’s needs. The machine will meed
b incorporate some dl.‘l!'l'\!'t‘ of aabo-
mation with sensors, relays, and a
microprocessor to control the input
and cutput, Besides the creation of the
oustomized product, the chain is also
very concerned with the machine's

Gallon liquid hand soap
(unscented), possible source:

www.chemistrystore.com

(3) Soap colors, possible source: appearance. The machine should be as
. attractive and as compact as possible so
WWW.chemlstrystore.com it will draw customers” attention and
so it can be moved around the store
easily, Keeping all of these factors in
mind, your fask is to design a machine

that will meet The Soap & Latimr Degnd's
www.chemistrystore.com demands of form and function

(3) Soap scents, possible source:

(12) Empty film canisters or suit-
able containers for liquid soap 16 Froec ProBase » Nansbcsring Technolegies

Rubber/plastic tubing

Miscellaneous materials (wood,
nails, etc.)

Suggested resource site for materials: TeaCh I ng

| You may want to bring in various examples of
Valves, connectors, tubing: P liquid soaps. (For example, dish soap, different
www.usplastics.com § colored soaps and fragrances, glitter soap, and

antibacterial soap.)

Asyou gain experience with this
unit, you may want to add addi-

tional sensors, motors, controls, etc.
Please encourage students to design
and construct their own solution to
this challenge.

14 Project ProBase * Manufacturing Technologies



Design Challenge

As a member of an assigned team, design and construct a vending-type
miachine where individuals can select a louid soap bo fit their preferences. The
manufacturing system must incorporate at least fwo autemated functions to
conbrol parts of the process.

As your feam works through the kearning cycles in this Learning Unit, you
will be provided with several opportunities to begin designing your sohi-
tion to this challenge. As your team designs and constructs its machine, each
bearn member is required o engage in the process and keep acourate records
of research, design, and construction processes in the appropriate Inventor's
Logbook spaces provided throughout your text.

After designing and constructing an appropriate solution to this challenge,
your leam must:

a. Ientify at least ten different peophe who are not a part of your design
team and who, without any akd feom the design team, must operate the
machine to select a bottle of soap,

b Provide clear documentation of your solution ko prove that your tearm is
responsible for designing and constructing the device.

e Give a Ave- 1o len-minube presentation bo the class that:

Introduces veur tearn's sobution to this chal lenge.

Ouathines the external and internal constraints that influenced your

team's design,

Explains how and where you incorporated automation into the process.
Identifies the power systems, sensors, and controls used in your leam's
solution and explains bow they work.

Includes a comprehensive list of materials and resources your team used.

Oz “Oean” Machine 7

Constraints and Requirements

Be sure to remind students of the design constraints for the
challenge. The designed solution must:

* Produce a bottle of liquid soap safely with controls that are
explanatory and intuitive for the intended consumer(s).

e Use at least two sensors (e.g., light, sound, heat, etc.) in the
system.

¢ Provide for some type of user control or interface that allows
the customer to choose from three 3 different soap colors
and/or scent combinations as well as labeling customization.

Use raw materials for soap that
are safe to handle, affordable,
and require the least amount
of processing time and energy.

Be designed and constructed
to be mobile, self-contained,
attractive, and intuitive for the

(=%
Bo
=
=
[}
=
o

customer.

Be designed in such a way as
to limit the amount of mate-
rials (liquids) spilled inside the

machine.

Ensure safety to the operating

customer.

Be accompanied with docu-
mentation, computer-aided
drawings, flow charts, and

Inventor’s Logbook entries

that provide evidence of an
original design.

Teaching
| When students are
P initially testing their soap
§ dispensing designs, you
may want to have them
substitute water for soap.
This will help reduce messy
soap spills. You may also
want to discuss the viscosity
of liquids and how their
designs may function differ-
ently with the soap versus

the water.

One Clean Machine 15



Design Challenge
After constructing their soap
dispensing machine, each team

must:

a. Identify at least ten different

(-]
o people who are not a part of
= the design team to operate the Constrainis/Requirements
=
< machine without aid from any The designed solution must
member Of the design team * Produce a bettle of liquid scap safely with controls that are explanatory

and intuitive for the intended consumeris),

This will allow the designers

Lise al least two sensors (e, light, sound, heat) in the system.

an opportunity to determine

Provide for some type of user control or interface that

whether the machine is truly allows the custormer i chocse from three different
. . . . soap colors and for scent combinations, as well as
intuitive and functional in a labeling customization,
machlne_to_human interaction * Lse raw materials for soap that are safe to
handle, affordable, and require the least
fOI'mat. amount of processing tme and energy.
# Be designed and constrocted to be mobile,
b' Prov]de Clear documentatlon sel t-contained, attractive, and intuitive for
the customer,

of the solution to prove that

Be designed in such a way as bo limit the

their team is responsible for amount of materials {liquids) spilled inside the

machine.

designing and constructing

Ensure safety to the operating customer.

the device.

-

Be accompanied with documentation, computer-aided drawings, flow

charts, and Inventors Loghook entries that provide evidence of an orig-

T h . inal design

. eac I ng L] Preject ProBase » Mamubacouring Technolegies
You may decide to assign

each team member a role

throughout the dura-
S tion of the Primary Chal-
I

enge. Each member will c. Give a five- to ten-minute presentation to the class that:
be responsible for executing
the specific constraints ¢ Introduces their team’s solution to this challenge.

and requirements of the

Primary Challenge and duties e Qutlines the external and internal constraints that influ-

described by their role. enced their team’s design.

For example, you may assign ¢ Explains how and where they incorporated automation
roles that include a designer, into the process.

marketing manager, finance ¢ Identifies the power systems, sensors, and controls that are
manager, and ergonomics/ . . , i i
safety/environment engineer. used in their team’s solution and explains how they work.
A document is included in e Includes a comprehensive list of materials and resources
the appendix on page Al that .

can be replicated for each their team used.

team. The document has the
team roles broken down and
space to list the responsibili-
ties of each role.

16 Project ProBase * Manufacturing Technologies



Teaching
| Asa constructivist-based Learning Unit, it is important
P to focus on conceptual development. Therefore, it will
§ be important for your class to stop and check for under- )

standing from time to time throughout this unit. The Pr_eParlng for the
students’ Inventor’s Logbook will serve as one means to check Prlmary Challenge
student progress on a regular basis. Here are a few other

strategies that may help you keep your students focused on After going through the Prelimi-
nary Challenge and explaining the
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their conceptual development.
Primary Challenge, you will need to

¢ Create a large poster with the key concepts and/or divide your class into teams. These
enduring understandings and place it in a prominent teams will be working together to
spot in your classroom (An example layout can be found solve the Primary Challenge.
in the Appendix).

* Break students into their Primary Challenge teams and Student Assessment
identify what they know and what they need to know
to solve the Primary Challenge. Compile their thoughts A rubric has been placed on the
through a discussion and create a large class display of following page. Based upon your
what they know and what they need to know. Require situation, please feel free to modify
the students to “check off” the questions that have been the scoring guidelines. The rubric

answered during the course of the Learning Unit. should be discussed and shared

e Have your students create concept maps of the unit in with your students, focusing on
the necessary requirements for the

their Inventor’s Logbook.

Primary Challenge.
Questions about the Primary Challenge should be addressed. o
However, no work on the actual Primary Challenge should take Te aCh I ng
place at this time. There will be approximately two weeks to | You may want to take
complete the Primary Challenge. Students will reflect on the P your class on a tour
upcoming Primary Challenge throughout the learning cycles to § of a vending machine
relate what they have learned with what will be needed to solve company or ask a technician
the problem presented. to open a vending machine

and discuss how the machine
dispenses soda or another

product.

One Clean Machine 17
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Primary Challenge Rubric

Element

Criteria

Points

Point Values

40

30

20

10

Primary Challenge

Completed product
is fully functional
and addresses all

criteria, parameters,

Completed product
is functional
and meets most
criteria, parameters,

Completed product
represents a serious
attempt to solve the
primary challenge
but does not address

Product is not
complete or does not
function well and
does not meet stated

Product and equipment and equipment
specifications set specifications set many of the stated criteria, parameters,
forth in the Primary forth in the Primary | criteria, parameters, or specifications.
Challenge. Challenge. or specifications.
Sub-total
Point Values 15 10 5 2

Drawings, Diagrams &

Drawings, diagrams,
or sketches clearly
illustrate an
understanding of
all requirements,

Drawings, diagrams,
or sketches
illustrate needed
information, but
do not address all

Drawings, diagrams,
or sketches
illustrate needed
information, but
do not address all
stated requirements,

Drawings, diagrams,
or sketches do
not illustrate all
needed information.

Sketches .Cr.lter} a or stated r.eqt.urements, criteria, or Tllustrations are
spec1f1cat10ns, uses criteria, or e . .
e specifications. incomplete or poorly
proper format, and specifications. . o
. Did not utilize an presented.
was completed Completed using an .
electronicall electronic format electronic format
¥ ' (hand drawn).
. Some research Minimal research
Clear evidence of
. Research and and development and development
a comprehensive . .
development was techniques were techniques were
research and . . .
Research & development effort conducted while used while used while
wasp rovided solving the Primary attempting to attempting to
Development P Challenge, but solve the Primary solve the Primary
and ten people :
documentation was Challenge, but Challenge.
successfully tested . °
. marginal. were not clearly Documentation was
the solution. .
documented. marginal.
As directed, the Team mareinall
team responded Team responded to Team responded & y
. . - responded to
to questions and/ questions and/or to most questions .
S S - L questions and
or maintained maintained topical and/or maintained . S
. did not maintain
D t t- comprehensive records, logs, and some records, logs, records, logs, and
ocumentation records, logs, and other notations and other notations /108 7
; s . L . other notations
other notations of activities while of activities while L .
s . . . of activities while
of activities while completing the completing the .
) . . completing the
completing the Primary Challenge. Primary Challenge. .
. Primary Challenge.
Primary Challenge.
. Presentation . .
Presentation Presentation Presentation does
demonstrates .
demonstrates a e topically addresses not demonstrate a
significant -
full grasp of the - some of the concepts grasp of the major
- understanding of . R .
major concepts, . delivered in this concepts delivered
Presentation addresses all major concepts, unit, but does in this unit and/or
addresses most

stated presentation

requirements, and
conforms to time
limit constraints.

presentation
requirements, and
conforms to time

limitations.

not conform to
stated presentation
guidelines and/or
time limits.

does not address
stated presentation
guidelines or time
limits.

Total Points
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Under Pressure

Introduction

The goal for the Exploration phase
is to expose students to how
customer, societal, and environ-
mental concerns affect the design
of products. Students will examine
a Lunchable® Box and identify

the customer needs/wants the
product was intended to fulfill.

In addition, students are asked to
identify the product from which
the Lunchable® is a spinoff. In

the second task, students will
examine and evaluate products for
societal and environmental influ-
ences. Applying what they have
just learned, students will then
explore their choice of liquid soap
container and soap preferences to
be included in their solution to the
Primary Challenge.

In the Engagement section,
students will identify personal
factors that influence their deci-
sions when they make soap
purchases and the factors that
they need to consider when
designing a solution to the
Primary Challenge.

Introduction

E ALL ARE COMNSUMERS. Every day we are surrounded by and use
merlmwth:n fulfill pur personal necds or wants. Each of us, abone time
or another, has gone throug h the process of buying a product that would

best fit a personal need. For example, when buying a CD player, we may decide
b purchase a particular model becawse it hias the features that we most prefer.

Sometimes your decisions are complicated becawse there are too many choices
or because of competing or conflicting selection criteria. Many consumer deci-
siens irvolve rade-otfs, You may find only one brand that has all the feabures
you desire, but the color does not fit in the decor of your room. This may force
you to consider purchasing another CD player that fits in the
decor of your rom without some of the features vou want. =
This is an example where you are compromising one thing
for another—you're making, a frade-off!

This learning cycle focuses on the types of external
factors that could influence a proshuct’s design. Product
designers and engineers deal with these factors and
choices on a daily basis. In the following activi-
ties you will investigate the external factors
that influence product
development. You will
also have an opportunity
to begin thinking about
the external factors that
may affect your Prinwery
Chialfersge solution.

% Project Priase + Mamsbaconng Technologies

Manufacturing Technologies
Learning Cycle One Concept Map

control
devices

technologies
communicate

Technological
Spin-Offs

Technological
systems
Utilization relationships

—

design technologies
criteria

‘micro

factors instrumentation

Constraints &
Trade-Offs

Manufacturing
Technologies

systems
relationships

control
devices

instrumentation

design
criteria

Technological w Technological
Design aritora Systems

attributes &
principles

design loop
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3. Identify and explain the func-
tion of a trade-off.

Essential Question 6b: What are
the key factors that cause
designers to make decisions
about trade-offs, limita-
tions, and constraints when

m designing new products and

systems?

Facility Requirements @

This learning cycle can be

completed in a regular classroom.

Objectives Specific equipment is not needed.
After completing this leaming cycle, you will be able to:
1. Identify and explain how external factors affect the design of & product Equlpment and Materlals

beferre it is manufactured.

2. Explain the term “spinoft™ and provide an example.

Based on a class of 28 students:

3. Explain the function of a trade-off and provide an example.

(7) Oscar Mayer Lunchables® (or
other brands)

(21) Bars of soap. You will need
Unée Prosure 23 to purchase three distinctly
different types of soap for

each team. The soap should
g : : t brand 11
Objectives and Essential Questions fepresent name brands as we
as generic brands. Be sure to
After completing this learning cycle, students will be able to: purchase enough bars so that
each team of 4-5 students can

1. Identify and explain how external factors affect the design observe different textures,
of a product before it is manufactured. colors, and scents.

Essential Question 7c: What design criteria is typically consid- (7) Product box — box should be

ered when developing new technologies and how do these filled with various types of

influence the final product or system’s design? household products

2. Identify and explain what a spinoff is. )
, , ) : (7) Pads of flip chart paper
Essential Question 2a: How do technologies migrate from one

context (or location) to another and what are the implications? (7) Markers

Under Pressure 21



Estimated number of 50-
minute class periods: 5

Suggested Daily Qutline

Day One

Day Two

Exploration
Exploring
Spinoffs and
Customer Data

Exploration
cont., Societal
and Environ-
mental
Factors
Reflection

Day Three

Day Four

Engagement
Customer
Survey

Engagement
Survey analysis

Day Five

Preparing for the
Challenge

n Project ProBase * Manufacturing Technologies

Hiur do exterinl factors affct

Hire design of @ product?

Exploration

Manufacturers must make a nurmber | Aaivites indude:
of important decisions as they develop
a procuct. Although there are unigque
differemces that influence a manmu-
facturer's decisions about a product’s
design, every  successful manufac-
turing endeavor must consider the meeds of the target consumers, You can
develop a great product, but if you've misjudged what your consumer wanis
or is willing fo buy, it won't sell. At limes, trends within society affect the
way products are designed: for example, society's concern for passenger
safety forced automobile manufacturers o incorporate safety features into
the design of cars, How has the widespread use of drive-through resturants
by Americans forced manufacturers to change the interior design of autorno-

. biles? O the other hand, sometimes prod-

Botivity | = Fuploring Spincés

Aotivity 2 = Gathering Consammer [l

Activity 3 = Examining Social and
Erwironmwntal Factors

ucts are developed that change socety. For
exarmple, the cell phone has created the
perception that people should be available
for a telephone conversation at all Hmes.
Environmental factors also influence
product design. Resources and rmate-
rials must be careful ly chosen bo ensare
that waste doesn't become an environ-
mental concern.

M Project PrBase + Mamubaconng Technologies

Exploration

Exploring Spinoffs

Teaching
| Students will be examining an Oscar Mayer Lunch-

P able® box or similar product. You will need to make
§ sure that you have enough Lunchables® so that each

group has its own box.




Esplaratian

Exploring Spin(iffs

Most of the time materials, products, or
processes are developed for specific purposes.
However, sometinws the materials, products,
or processes developed for a specific purpose
are applied to meet a need in a different situ-
ation of context. For example, in the early
1970 an iﬂurz.aﬂir wine-silicate c'qun'nl; miayhe-
rial called 1C-531 was developed at NASAE ¥
Goddard Space Flight Center. NASA devel- ¢

aped this material fo protect the lsunch strue-
tures at Kennedy Space Center from salt corro-
sdom, rocket exhaust, and thermal shock. More
tham a decade later, 10-531 turmed out o be the
pertect coating to protect the interior structure of the Statwe of Liberty and
prolong the statue'’s life. This coating material has also been used o protect the

z Columbia River Bridge, as well as
il
A

power  transmission  stations
b
R
PR

used by power utility
= wmpanil-qa

Insage cartany of RLASA Spteaf’

Under Pressune

%

Teaching

Students are required to

P answer the following ques-

S tions:

From what product did
this spinoff product origi-
nate (think about the
container)?

What need does this new
product fill?

Who was the original
target customer for the
product?

Who will purchase this
product and what is this
person’s primary moti-
vation for making the
purchase? Is the quality
of the contents a major
consideration?

What product was
replaced when the Lunch-
able® was introduced?
Was the Lunchable® an
improvement?

Does this product make
life better for users?

Explain.

Under Pressure 3




After the students have had a
chance to answer the above ques-
tions, initiate a class discussion to
discuss answers. Lunchables® are
a spinoff idea from the U.S. Army’s
Meals Ready To Eat (MRE's)
program and early TV dinners.
Students should have a clear
understanding of what a spinoff is
by the end of this task.

It would be a good idea to have
other examples of spinoffs on
hand. Possible examples include:
e Infrared thermometers (devel-
oped to detect energy from stars
and planets)

e Smoke detectors (developed
for Skylab)

e Cordless power tools (devel-
oped for the Apollo program so
that astronauts could drill core
samples from the moon)

e Kevlar (originally developed
to replace the steel found in
radial tires)

Explaratian

. You will woark withina team of three-four people during this activity.

You should obtain an Oscar Mayer Lunchable® box, a piece of flip chart

paper, and a marker. Each team will be examining one Lunchable® box.

[

Cine person from the team should assume the role of a recorder and
write the group’s responses to the tollowing questions,

# From what initial product did this spinedf product originate (think
about the combasiner)?

* What need does this new product fill?
* Who was the original target consurmer for this product?

* Who will purchase this product and what is this person’s primary
mkivation for making the purchase? [s the quality of the contents
within the package & major consideration?

* Think about the primary use of this product. What product was
replaced when the Lunchable® was introduced? Was the Lunchable
an improverment? Explain.

* Does this product make life better for users? Explain.

2 Project PrBase + Mamsbaconng Technologies

Teaching

| Students are asked to design a Lunchable® box that can

P be used by adults in a business environment. You will

§ not have sufficient time to allow them to build the “adult
Lunchable®” in class. You can either assign this as home-

work or have them illustrate their ideas on a piece of flow

chart paper and share their ideas with the class.

L Project ProBase * Manufacturing Technologies




Expluration

3. After the team has responded to the above questions, your teacher will
arganize a class discussion, during which each team will share team
answers (i the above questions) with the entire class,

While continuing to consider the Lunchable® exarmple, consider the following
scenario. If you were asked to redesign the Lunchable® to attract the attention
af business people, w

changes or sdditions wenld you make to the produce?
1f the: Lunchable™ were to be used during business lhuncheons, bow would the
product need to change? If you were the product design team working on this
project, how would the team mernbers determine what should be included
i the “Husiness Lunchable” product? Ona large piece of fip chart paper,
create a flip chart that identifies the steps needed
to identify your consumer needs and

then comsder the nformation on

the following pages.

pinoffs

Under Pressune

m

Notes:

Under Pressure

25




Explaratian

! Consumer Data

Betore & manutacturer designs a product, the reeds of the consumer must
be identified. Identifying the needs of your target consumer is crucial for a
product's succeas. The following theee-step process can be used o learm more
abonut your consumers’ needs:

1. Collect information from consumers (markel research).
2 Transform the information inde consumes needs.

3. Organize the needs into order of importance to the consumer.

Mew products and innovations are oftens the result of & company staying, in
touch with consumer needs. By staying in touch with the criteria consumers
use to purchase a particular product, a manifacturer can develop products
that are more rlH’ﬂ]’Jl,‘lii'il'l'.

Several soap stations are set up around
the class. Although you will be
producing lquid soap for
the  Primary  Challenge,
you will be using bar
soap for this activity. §
Many ot the qualities
of bar scap that you ‘%
will be locking at can
relate just as well to
liguid soap.

Customer Data
% Project PrBase + Mamsbaconng Technologies

Teaching
| You will need to purchase Te aChlng

P three distinctly different |

Each group should get three different bars of soap to
§ types of soap. The soap

P examine. The sub-tasks under this task section may

hould t
should represent name § not take that long, but make sure the students enter the

brands as well as generic

required data in the Inventor’s Logbook spaces provided in
the Student Guide.

brands. Be sure to purchase
enough bars so that each team

of 4-5 students can observe
different textures, colors, and

scents.
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Exploration

The skatlons are seb up S0 you can explore soap samples from a varlety of n

somroes that represent national name brands s well as generic brands. At your
assigned station, your team will investigate the quality differences between
the soap brands with regards o smell, colorn, and texture, The final geal of this
learming cycle is to collect encugh data o make informed decisions as to what

characteristics of soap are most preferred by potential consumers. 'I' h ©
. g

with the class so that conclusions can be made about soap preferences. I

Collect the following data in your team and prepare to share your findings

You may want to require
Each member of your team should smell the fragrance, study the color, and .

examine the texture of each soap sample and record their preferences in Table P Students tO Create electronlc
1 provided in the Inventoe's Logbook space below.

e e L ‘ data they are asked to collect.

§ spreadsheets to record the

Tatsla 1. 5o peaterancas

Under Pressuny 29

Smell Color Texture

Student A

Student B

Student C

Student D

Student E

Student F

Table 1. Preferences for soap fragrance

Under Pressure 21



Exploranien

As a class, compile the data gathered by individual teams and create a
trequency table for esch characteristic studied,
]
et S | fasp 1 g 3
D =
I-DE Tnler
Loghaok 1.2 Tea
(lasi sze in] =
Tondle 2. Clarss frequency table

After the data are recorded and represented by a chariis), provide a response
b each of the following questions:

ol olsdmimenent__ | # | w | # [ % [ # ] w
Im.ﬂ\be" Whie prererntage o sudimbs Scent: Seent: Soent
@ preferred sach soent of sap? ] [ |
h“*\ What percenta ge of student pre- Calor: Gk Calor:
Lug ferred each eulor of soap? | | |
Lopbook 1.3 | iwioe percentage of studdent pre- Tisxsures Tibare: J—
Terred each beviure of soap? | | |

Fabie 7. Student inesrvizw data table

MOTE:

Sarw yous clata tables ta
s urineg the Engagamend
pihiase of this leaiming cycks.

Whast characteristics would you combine to create the most popular saap?

30 Project PraBiase + Mamsbacomnng Technologies

Soap | Soap 2 Soap 3

Scent

Color

Texture

Class size (n) =

Table 4. Class frequency table
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Societal and

Expluration .
Environmental Factors
| For this task, you need

to collect empty product

containers or other prod-
Societal and Environmental Factors X

n ucts that were influenced by

There are several societal and environmental factors that affect product
development. Economic shifls, soctal trends, and government regulations are SOCiety. Tl'y to include a Variety
just a few factors that affect the manufacturing process. One example of an .
economic shift is material prices. For example, if a furniture product is made Of Soap, ].Otlon, al’ld ShampOO
out of a particular type of wood and there ks a natural disaster that damages .
the geographic area where this tnee grows, the mamutacturer will be toroed to Contalners- You may Want tO
weigh the decision of whether to find another area to buy the material or build .
e furie ol & AR el encourage the students to bring
Companies that wank b remain innovative and stay in bouch with consumer in prOdUCts that they use from

needs are often influenced by social trends. For example, tood manufacturing h S 1 . 1 d .
has grown astronomically in the last thirty years. With most families having ome. oome examp €S Incluae:
two working parents or being headed by a single parent or guardian, many do
ok have time to make a sit down traditional dinner, and food manufacturers
have designed products that meet the needs of these busy families. The tradi-
tional hormemade sit down dinner is rapidly being replaced with prepackaged
heat-and-serve meals, This is one manfacturing area where societal trends
have created an almest entirely new industey.

¢ Disposable diapers

¢ Cell phones

Anexampleof how government regulations control
product development is regulations concerning

pollution and waste. 'I"Gmcm engineering” is a ° Gamlng System SU.Ch as PS
term used to describe the process whereby
engineers attempt to design products and or Psz

processes that reduce the negative impacts
products make on the environmeni The
designing, making, marketing, and use
of products and processes are controlled
by the governmental regulations defined

e Fast food containers, plastic
silverware

Under Pressuny 31

* DVDs or any portable device

Have the students meet in their

Primary Challenge groups and
enced the product and design of the package. divide the containers among

Students should be looking at the trade-off decisions that influ-

them. Soap containers should be

given to each group.

Total # of students interviewed: # % # % # %

Scent: Scent: Scent:

What percentage of students

preferred each scent of soap?

What percentage of students pre- Color: Color: Color:

ferred each color of soap?

What percentage of students pre- Texture: Texture: Texture:

ferred each texture of soap?

Under Pressure 29



Teaching
|  One example of a trade-off
P might include something
§ assimple as risking having
the contents of a locker stolen
by presetting the lock combi-
nations to save a few seconds
during a passing period.
A more complex example
includes choosing what type
of lawn mower to purchase.
One could decide to buy a
power mower or a non-motor-
ized reel-type mower. The
gas powered mower can cut
faster through longer grass,
but creates noise and air pollu-
tion. Purchasing an automo-
bile provides another example
where trade-offs are consid-
ered, such as gas mileage vs.

speed or comfort vs. style.

Explaratian

3 Preject Prabase »

by the Environmental Prodection Agency. Some companies may be forced io
use materials or processes that affect the design of the product in order to stay
within government mandated guidelines. Forexample, one material may be the
mosd desived material 1o use for the best quality, bul the waste from Uhe produc-
tion line may not be environmentally friendly. At the eary stages of developing
a process or product it is extremely important for engineers to consider human
health and the environment in order for the product and production bo be cost
effective.

A pood example of this is
ashestos brake liners for automo- —_—

biles, For many years, automobile
brake liners were made from a natural
material called asbestos. Asbestos has fantastic heat resistance

qualities—a very important quality for brake liners, Unfortunately,
asbestos has also proven fo cause cancer among; workers in facto-
ries where brake liners were manufactured. Subsequently, brake
mamafacturers have replaced asbestos with complex composite
miaterials made from a variety of fibers and polymers

An aspect of manufacturing where many of these factors
combine o influence the product is the design of the packaging,
For example, the packaging used by McDonald's® Restrurants
has been influenced by both societal and envirommental
factors. Early in the history of the restaurant, foed products
were packaged using paper. In 1975 the company introduced a
foam polystyrene package because of its superior insulating qualities. But by
the 1980 the use of polystyrene was highly criticized by consumers for its
thieal bo the erviconment. By 1990 McDonald's® had discontinued s use and
introcduced & cormugated container masde from recyeled paper

Harufacruring Technologies

Teaching

| At this point students should understand what a trade-
off is; however, you may want to provide examples to

§ reinforce the concept.

30 Project ProBase * Manufacturing Technologies




Esplaratian

Although many sclentists now suggest
that polystyrene packaging causes
no more environmental damage than
paper or card stock, societal and envi-
rommental  comcerms  caused  MeDan-

ald’s® bo reassess it packaging and
assure the public of its efforts to be
environmentally sensitive.

In this activity, you will mect
with your Prmwy  Chalienge
group  and  explore  different
products and discuss the factors that may have influenced the design of the
product’s packaging,

L. Obtain at beast theee different product packages from your instructor.

2. Identity how each product is packaged (both in the manufacturing
process and the materials used).

1)
I
3. Identify which societal factors may have influenced the product design. LUE;

How has the packaging for this type of product changed over the years?  Laghook 14

Under Pressuny 33

Notes:
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Notes:

32

M

Expluration

A In the Inventor's Logbook space provided, create a table that lists the
product, the societal influences, the environmental influences, and the
resulting packaging changes during the life of the product

e
oo™

Lugbosk 15

Figure 4. Froduct box

5 Can you find patterns in the table that you created in number foue?

Are there groups of similar products with similar purposes, funclions,
or processes? Do vou think some products are influenced (o a greater
degree by one societal or one environmental factor than others?

Freject PraBase = Mamatacounng Technologies
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Reflection

Reflection n

While thinking about all of the external factors affecting design, consider
the following questions about the bype of container your team will use o
dispense your liquid soap during the solution of the Prinmry Chalienge. The
container should be easily obtained and affordable. Document your answers
b the following questions in the space provided in the [nveniors Logbook.

)
L]
Jment?
1. What are the cconomic fscbors that must be considered when selecting a
container? How will they atfect your choice? L g'u@‘.
Logbook 1.6
2. How could you measure sociely's impact on your choice before it is
marketed? Whal bype of container would be mast appealing? How have
other soap mamifacturers responded to societal demands in the past?
3. How will environmental concerns irmpact your choice of containes?
What are the pros and cons of using a recyclable and/or biodegradable
container?
Under Pressuny 35
Reflecti

Students should now have a good understanding of the three
external factors that influence product design. At this point
students should return to the Primary Challenge and answer the
following questions in the spaces provided:

1. What are the economic factors that must be considered
when selecting a container? How will they affect your
choice?

2. How could you measure society’s impact on your choice
before it is marketed? What type of container would be
most appealing? How have other soap manufacturers
responded to societal demands in the past?

3. How will environmental
concerns impact your choice of
container? What are the pros
and cons of using a recy-
clable and/or biodegradable
container?

4. How will the construction of
the vending machine influence
your packaging choice?

5. Besides the choice of container,

what are some other important
external factors affecting your
solution to the Primary Chal-
lenge?

e Make sure students record
their answers in their Inven-
tor’s Logbook.

* Generate a class discussion
allowing the students an
opportunity to share their
responses.

Students need to compile their
answers into a diagram detailing
all of the factors affecting their
Primary Challenge solution. They
should, in some way, indicate those
factors they feel are most impor-
tant to consider.

Under Pressure 33
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o

Logheak 1.7

Reflection

4. How will the construction of the vending machine influence your
packaging choice?

5. Besides the choice of container, what are some other important external
factors affecting, your solution to the Primary Chalienge?

In the space provided, create a detailed diagram describing the external factors
affecting all of the aspects of your Primiry Challenge solution. Give extra emphasis

tothose factors you believe will have the greatest influence on your overal| project
deshgn.

36 Project PmBase + Mamsbacomnng Technologies

Notes:
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Using this list of five items, each
—— team should create questions and
a short questionnaire that could be
used to assess the desires of poten-
tial customers. Students should be
encouraged to refrain from open-

ended responses.

Do youi think there are some exteranl faclors n
Hiniek are mure smporhint fo consider when

designing a prvtuct than etfers?

For example, if fragrance is listed as

a factor, a question asking, “what is

Engagement : :

8¢ your favorite fragrance?” is appro-
As you learned in the Explomtior section, there are many things that influence .
the design of a product. Now it's time to apply that knowledge and gather prlate' StUdents Should force respon_
information about your target consurner for vour Prisry Challesge, Now that d h f f A
your have gathered some data about a variety of soaps, transform what you ents tO choose Irrom a rew Scents'
have leamed to the criteria you must consider when developing your soap 1 . . .
dispensing device. You should work in your Primary Crallenge teams for this Sampile questlonnalre item may say
Engagement activity. The collection of data is infegral to the design of products . . " .
in industry. Companies use marketing, surveys to collect and categorize data, Somethlng llke, CIrCle Your favorlte
This allows them to obtain feedback from consumers about their wants and . 17 . .
needs, They can then use this information to develop and market their prod- SCeI'lt from the llst below' Thls Wlll

ucts, making them more appealing to their consumers,

make it much easier to analyze the

1. I'F_ ouT barget consamer i your peer group [your felbowr students), .
il A data. (A sample product question-

generate a list of five-seven things that are important o leenagers when

buying soap, Wrike the beam's responses on a piece of flip chart paper.

naire is included in the Appendix,

2

. Your instructor will ask teams to post their fip chart page so that each
team can consider the findings of other teams and you can all learn from

page AF, for students’ reference.)

one another.

.
. After examining the responses from the other teams {as well as your Te ach I n
ownl, work a5 a tearmn 1o identify the top five most common lems across g
.

each of the lists. Make sure al least one question concerns the container.

]

| This activity should be
Uror Pres; 11 p conducted with the entire
S class. Students should be in

their Primary Challenge teams.

E ngageme nt Each group should generate

a list of 5-7 things that are

¢ The collection of data is integral to the design of products in .
. . . important to teenagers when
industry. Companies use surveys to collect and categorize buvi P
. . uying soap and write their
data. This allows them to obtain feedback from consumers ymg soap ) ‘i
. . responses on a piece of fli
about their wants and needs. They can then use this data P P P
. . chart paper. If your students
to develop and market their products, making them more . .
. . are having trouble getting
appealing to their customers. )
started, ask them questions to

e It's important that each team share its responses, so ask lead to things that go beyond
teams to post their flip chart paper and share their ideas what has be discussed in the
with the entire class. Exploration phase such as the

cost of the product, avail-
e Asa class, conduct a discussion about the common items

ability, quality, style, etc.

that are listed on all of the posted papers and identify the

top five most common items.
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Each team member is expected to
administer the survey instrument
to at least 10 students outside the
immediate class. This should be
assigned as homework. Remind
students to survey an equal number
of males and females.

¢ The information from the
questionnaire should be
compiled to identify the most

preferred factors such as scent,
texture.and color. Students

are asked to enter the data
into an electronic spreadsheet
application such as Micro-

soft Excel®. Some students
may need additional help
with the use of a spreadsheet.
The minimum expectations
for each group should be to
identify the sample size, the
number of persons surveyed,
the statistical mode for each
response for each question and

Engagement

A Turn the items listed into questions. Por example, if color 18 a factor 1o
be eonsidered, a question related o color selection should be generated,
such as, what Is your favorite color of soap? You may need maore than

one question for some ilems. The questions will be used o develop

a questionnaine

5. Each team should generste a questionnaire with
ab lemst seven questions relabed ko the selection

or preferences of soap or containers.

6. After the questionnaire is drafted, each

tearn iz responsible for randomly selecting a

mimimum of 3 students {outside of the imme-

diate class) to survey. Keep in mind that the
mare people you survey the greater confidence

you will have that your results can be generalized to the entire

population. Try to obtain equal representation from males and females.
You should provide a way to keep track of gender in your survey, The
data should be entered into an electronic spreadsheet using a computer
application such as Microsoft Excel®. If you're not familiar with using
spreadsheets, you should refer to the help menu for guidance. {For a
sample product questionnaire see your instructor)

Freject PraBase = Mamatacounng Technologies

identify how their responses
are distributed by gender. An
example is given in the text
and a statistical breakdown

for one question is given in the TeaCh | ng
Sample questionnaire ln the I Students Wlll l’leed to COlleCt all Of the data that they
Appendix. P have compiled for their solution to the Primary Chal-

§ lenge: the design of the soap container (Reflection),
¢ While the data from the ques-

tionnaires are being compiled,

the external factors diagram (Reflection), and the ques-

tionnaire analysis. Remind students that they will need

students should be thinking this information during the presentation of their team’s

about the external factors that

Primary Challenge solution.

may affect the design phase of

the project.
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Engagement

7. Each team must analyze the data o determine the rmost important factors
toconsider as it designs its soap dispensing device for the Frimary Chal-
levige. Al a minimum, each group should identify the sample size, the
number of persons surveyed, the statistical mode for each response for
each question, and determine how these responses are distributed by
gender. In order to determine the percentage for each response, you will
need bo divide the number of people who answered a question a certain
way by the total number of peaple who answered that question. For
example, If seven people answered “yes” and a total
of nine answered the question in some way, :
then the percentage for those answering,
“yes" is rounded bo 78%. And if five of
those answerling “yes” wene women,
then 55% of the todal number {male
and female) answerlng that
question “yes" were wornen.

o

. Collect all of your data
o the design of the snap
combainer, the external factors
diagram you created during
the Reflection, and the ques-
fomnaire anabysis. Save this information in order o use it during the
presentation of your beam's solution ko the Primary Clielienge.

Under Pressuns

b}

Notes:

Under Pressure
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Expansion

Although not required, these
Expansion activities are designed
to cause teams to delve deeper
into the concepts explored in this
learning cycle.

Students should select only one of
the following Expansion options.

1.

38

Students are asked to identify
examples of product designs
that are politically influenced.
For example, looking at the
side of a can of soda will
reveal a list of nutrition facts.
Almost everyone knows that
soft drinks are not healthy,

so why would the manufac-
turer place this information
on the can, advertising the
fact that their product is not
really very healthy? Ask the
students: “Was the decision

Expansion

1. ¥ou have been introduced to several factors that influence product
design. In what ways might the government influence product design?
Find examples of products that have been politically influenced. If
possible, bring them into class for discussion. I the product is not avall-
able, bring in as much information {photographs, data sheets, ete) as you

can fined.

2 Make a list of iterns in your room. Are any of the itens on your list
spinofis of cther products? Choose one item on the list and research the
origin of the product you chose.

3. Think of products that are put in the trash either at home or at school.
Identify what trade-offs may have occurred during the design of the
product or iis packaging.

A REER
ORNNECTIONS

ers related 1
ar more infor

Here are some ¢
this learming cyele.
marian, the Undted Soaes

Dieparement of Labor’s Oeens
patienal Owilook Handbeaok ac:
wwwhls govioca

L.
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to place this information on
the product politically moti-
vated?” Students should be
encouraged to generate ideas
or research products that are
influenced by state or federal
policies.

. Students should be able to

generate a list of items from
their room. Encourage the
students to closely examine
what they see in their room.
There are probably many
things that they would not

Project ProBase * Manufacturing Technologies

expect to be a spinoff that in fact are. Students should not
exclude items they are unsure about. After students have
compiled a list and have identified which are spinoffs,
allow each group to do an Internet search on “spinoffs”
and “inventions” to verify whether they are correct.

Students are asked to think of products that are put in the
trash either at home or at school. From the products they
identify, they should be able to list possible trade-offs that
influenced the design of the product. For example, if the
package looks very flashy, it may not be environmentally
friendly. Encourage students to look closely at how the
product or package was designed.




— Student Assessment

An assessment rubric has been
developed for the Exploration and
Engagement activities. Feel free to

% change this rubric to better suit
your particular needs.
needs must be met. The more in tune you are with what your F‘reparing

consumer wainls the more competitive your product will be. for the (hFi"EﬂEE

In preparing for the Privery Clallenge, your team must decide what

As you think about what influences the development of your

soap dispensing deviee, keep in mind that the consumer

preferences will be available within the device. In your Pramary Challenge team,
create a Consumer Preference table that cutlines the type of soap you are
going bo choose, the fragrance choices and color cheices that will be available
i the consumer, and possible sources for purchasing each ingredient. Provide
this table to your instructor, complete with supplier’s contact information so
that materials needed for your sohation can be ordered.

e

Log*™
Logbook 1.8

Under Pressuny 41

Preparing for the Challenge

Have the students look at the information that was collected
from the survey questionnaires to inform their decision about
the characteristics that their liquid soap will have during the
solution of the Primary Challenge.

Students should generate a materials list and research possible
vendors on the Internet. This list should be used to order
supplies for the Primary Challenge.
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Under Pressure

Element

Criteria

4

3

1

Points

Spinoffs

Questions were
answered in Inventor’s
Logbook spaces. Created
a complete flow chart
illustrating the group’s
idea concerning the
Business Lunchable®™

Incomplete answers
in Inventor’s Logbook
spaces. Created a
complete flow chart
illustrating the group’s
idea concerning the
Business Lunchable®™

Incomplete answers
in Inventor’s Logbook
spaces. Created an
incomplete flow chart
illustrating the group’s
idea concerning the
Business Lunchable®

Did not answer questions
in Inventor’s Logbook
spaces. Created an
incomplete flow chart
illustrating the group’s
idea concerning the
Business Lunchable®

Customer Data

Complete charts and
personal list of things
important to consider
when purchasing soap
recorded in Inventor’s

Each chart was
somewhat complete. A
personal list of things
important to consider
when purchasing soap
recorded in Inventor’s

Each chart was
incomplete. A personal
list of things important

to consider when
purchasing soap
recorded in Inventor’s

Each chart was complete.
A personal list of things
important to consider
when purchasing
soap is not recorded
in Inventor’s Logbook

Logbook spaces. Logbook spaces. Logbook spaces. spaces.
xﬁiﬁpe}?@ﬁ:g Developed a chart
roduct wgas ackaged outlining how Did not develop a chart Developed a chart that
En d the impalzt soci%ety each product was that identified how the identified how the
. packaged and product was packaged product was packaged
Societal and dek;?dnork};ie I;;(;C‘};iz d somewhat developed but did develop an but did not develop an
Envi ronmental thge f:ive Ztestions an explanation of the explanation of the impact | explanation of the impact
d o impact society had on society had on the of society. Answered
Factors Created a detailed ; ! .
diaeram of the external the design. Somewhat design. Answered most only a few of the five
fa:(:;tors affecting their answered the five of the five questions but questions and did not
solution to the grimar questions. Did not create | did not create a diagram. create a diagram.
Challenge Y a very detailed diagram.
Generated good
Generated good questions for the survey.
questions for the survey. Completed a survey Qenerated good
. . . questions for the survey. Generated good
Completed a survey questionnaire and did .
. . . - Completed a survey questions for the survey.
questionnaire and did some of the statistical testionnaire but did not Did not complete a
the statistical analysis analysis correctly. q - . iprete
do the statistical analysis survey questionnaire.
E t correctly. Collected the Collected most of rectly or at all. Did Did not collect the data
ngagemen data for the Primary the data. Group was correcty e ! ’

Challenge. Group chose
the preferences to be
included in their device.
Created table and turned
it in to the instructor.

undecided about
preferences to be
included in their device.
Began a table but did
not turn it in to the
instructor.

not collect the data.
Group was undecided
about preferences to be
included in their device.
Did not create a table.

Group was undecided

about preferences to be
included in their device.

Did not create a table.

Totals
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As Good
As It Gets

Introduction

In this learning cycle, students
explore factors that affect the
quality control in manufacturing
processes. In order for students to
understand how quality control is
maintained in a production line,
they will design a quality control
system that will help them assess
the quality of a collection of paper
clips. This quality control system
will also help them to decide
whether or not each paper clip is
a “go” or “no go” with respect to a
set of standards.

The concept of production costs
will be explored as students
create a trail mix product and
calculate the cost of producing
various amounts of their product.
During the Engagement phase,
students will begin to think about
the Primary Challenge by brain-
storming the materials, processes,
and the means to control the
quality of their liquid soap
dispensing device.

“ Preject ProBase »

Introduction

AVE YOU EVER LOOKED AT A NEW PRODUCT and wondered what
Hﬂ'u' designers were thinking when they designed it? What do manu-

facturing designers consider when they create new products? Do they
spend most of thelr Hme discussing desken features like color, texture, and
shape or are they more concerned with issues like quantity and quality
control? How concerned are they with making their products appealing in
the market place? There ave actually several internal factors within a manu-
tachuring company that affect product design.

These internal factors are largely influenced by the design or development
team and are driven by cost and quality control. These factors include
expenses associated with product ideation (e, the cost of developing the
idea), how much it will cost b manutacture the product (keeping in mind the
materials, processes, and labor), the quality of the finished product, and the
packaging and shipping costs.

cople |n|:|_u;\\_= - /Eh_Jbuh

Infusarces

Money Training Waste Costs

Processes e

Flgure 1. Factors that affect qualiny canteal
Cality control in manufacturing is maintained through two different kinds
of factors, There are input and cutput fackors. Input factoes include money,

people, materials, tools, and training. Cutput factors inchade the quality of a
product verses how much it costs to make that product,

Hamufacruring Technolegies

design technologies

micro
factors

Manufacturing Technologies
Learning Cycle Two Concept Map

control technologies
devices communicate

Technological
Utilization

Technological
Spin-Offs

Constraints &
Trade-Offs

Manufacturing

systems.

relationships

Technologies

control
devices

instrumentation

instrumentation

Technological
Systems

design
criteria
Technological
N design
Design criteria
attributes &
principles
design loop.
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Facility Requirements

Classroom area with large open
bench tops for stations to be set
up and clean areas where food
handling can take place are neces-
sary for this learning cycle.

Quality control Involves teying 1o achieve a balance between the input and
gutput factors. Spending more money on materials, fools, and training will
mare than likely increase the quality of the product while reducing the cost E M t d M t . I
of waste. On the other hand, spending less money on tnpul factoss will also m qu Ipmen an a e rla s
decrease the quality of the product while waste costs {and possibly short-

term profits) will increase. The development team within

* any manufacturing enterprise must make trade-oifs as Small measuring cup set (1 C,
4 % it designs new products or modifies existing ones.
-I 1 C, 14 C)
-

This concept is simply illustrated in Figure 1.

During this learming cyele, you will . .
experiment with how each of the input 5-]—0 blg plaShC bOWlS
factors directly affects the culput factors.
This will be accomplished through .
experimenting,  with  different  molds A bag Of paper Cllps

and materials, as well as learning simple

_ warys bo caleulabe the cost of materials,

Soap
Objectives
After completing this learning cycle, you will be able to: (28) DiSposable plaStiC glOVes
1. Identify how people, materials, tools, and training affect product quality.
1 bag per team of:
2. Explain how quality control is affected by input and cutput factors when ..
applied lo a manufacluring process. e Raisins
¢ Peanuts
e M&M’s

e Sunflower seeds
¢ Ziploc bags

s Goed A5 B Ges 45
e Paper bowls

(7) Timers

Objectives and Essential Questions

After completing this learning cycle, students will be able to:

1. Identify how people, materials, tools, and training affect
product quality.

Essential Question 7c: What design criteria is typically consid-
ered when developing new technologies (e.g., marketability,
safety, usability, reliability, cost, materials) and how do these
factors influence the final product/system design?

2. Explain how quality control is affected by input and output
factors when applied to a manufacturing process.

Essential Question 7e: How can the attributes of design and
the principles of design aid in the development of quality

As Good As It Gets 43



Estimated number of 50-
minute class periods: 5

Suggested Daily Qutline

o do product develapers mke trade-off decisions?

Day One Day Two T
Exploration -

. Aetivity | = Production Quality Control
Explomtlon Explom tion Designing for Quality Activity 1 = Productian Costs
PrOdUCtIOH PI'OdLICt COStS There are a number of materials and processes to consider when manufac-
Quality Control turing a product. As discussed in the Prefiminary Challemge, most materials

fall into one of three categories: metallic, ceramic, and polymeric. Materials
frorm these theee calegories can be combined to create a composite materlal.
Provesses are likewise divided into categories. They are generally categorized

Day Three Day Four

into six processes: casting and molding, separating, forming, fabri-
catiing, conditioning, and Anishing.

The dhaice of the material and the way it is
REﬂECtiOH Engagement processed will affect the quality of the product, ¥
Thus, quality is considered from the beginning |
stages of design and production, Desigrers
must consider the effect a given material or ¥— o=
. _ process may have on quality and their
Day F|ve target customer. Trade-off decisions are
often made to accommodate the use of
one material for higher quality. Sometimes

Engagement quality i sacrificed a bit for 2 more affordable
Preparing for the
Challenge

way bo process the material,
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Exploration

Teaching

| During this learning cycle, students will complete two

P different but related tasks. The most efficient way to

§ approach this may be to set up a station for each activity
and have your students rotate as they complete each task.

Depending on the number of teams, you may decide to

duplicate one or more of the stations in order to accommo-

date a larger number of students.

44 Project ProBase * Manufacturing Technologies



Exploration

The choice of material used for 2 tennis racket frame, for example, greatly
impacts its quality. The traditional tennis racket was made from a wooden
frame. However, because of design limitations (smaller heads requined bo
accommodate  the strings) new
materials, like graphite and fita-
nium, are now used foo make
frames, Trade-offs in the design
process are made to accommodate

quality and cost with the consumer
in mind. The “better” the material,
the higher the quality and often
the higher the price. Aluminam
tennis rackets are inexpensive, but
in terms of performance they are
lower in quality. Carbon, graphibe,
and titanium composite  tennis
rackets are more expensive, but
allow for higher quality perfor-
mance for comsumers,

s Goed A Bt Gets a7

Notes:
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Production Quality
Control

Provide a variety of materials for
the students to use such as wood,
cardboard, and paper. Encourage
your students to be creative.

You will need to purchase several
bags of paper clips. Choose one of
the paper clips as the “master” or
desired size that the students will
be using as a standard. You will
need to go through the paper clips
(prior to supplying the students
with several) to know how many
do not meet the standard specifi-
cations. If there is not much vari-
ability among the paper clips you
can simply alter a number of the
paper clips to make certain that
they will measure outside the

+/- 1 mm specifications outlined
in the activity. (Keep track of how
many you altered.)

The students will need to check the
number that they said were a “go”
against the number that you previ-
ously counted. This station will also

Exploration

Production Quality Contral

Every manufacturer has a systematic way of checking the production line
to make sure that the product s belng produced within the desired speci-
fications. Different quality control methods are often used. Some methods

inchude checking every product by hand or checking a random selection for
quality. The primary goal no matter what techndque is used, is o ensure the

quality of the finished product

Figure 1. Samgibe: gu-na go gauges.

48 Preject ProBase » Mamubacouring Technolegies

Gauges are often vsed bo test the quality
of a product. The specific gauge best suited
for an application will depend on a variety
of factors, inchuding product size, produc-
tion volume, and gauging conditions. Some
production lines use “gofno go* devices to
check the quality of the products being
manufactured. A “go/no go” gauge is a
device that determines whether a product
mects the specifications of an acceptable
product for the market. If it does the
product is a “go” If the product fails to
mect the specifications as measured by
the gauge, it is a "no go Conduct research
on the [nbernet for examples of “gofne
go” gauges, Some possible search terms
include “gauges,” “go no go gaupges,” and

“epaality control”

Teaching

need basic construction tools such | Inthis task, student teams create ajig to check the length

as a hammer, small finishing nails, P of paper clips. Although you should not tell the students

hot glue gun, ruler, and scissors. § exactly how to solve this problem, you should provide
them with samples of different types of jigs or Internet access
to conduct research to find their own examples. The vacuum

formed packaging used to display products in a retail shop

can serve as a good illustration of a go/no-go gauge.
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Students are given several Inven-
Exlartion , .
tor’s Logbook entries related to

Production Control and their go/

no-go gauge.

"

7]

=

. Oblain the “master” paper clip and a bag of paper clips from your

instrucior.

. Your teamn is required o create a “gofne go” quality control device.

. Measure the length and diameter of the “master” paper clip as desig-

nated by your instructor. Create a “gofno go” gauge that will ensure
that each of your paper clips is within +-1 mm of the specifications
established from the “master” paper clip. The gauge needs to be able

to account for the paper clips that are 1 mm longer or wider and 1 am
shorter or thinner than the master. If the product is within the tolerance
(6= 1 mm) it may pass the accepted product quality and “ge” on. If it
fails, it is a "no go” and must be rejected.

. Use the gauge that your leam ceeated 1o test each of the paper clips.

Separate the clips that pass the quality test from those that are nol
within the required specifications. Count how many clips were a “go”
and how many were a “no go" Creale a table in the Invenlor’s Logbook
space provided that identifies the types of flaws found in refected clips
as well as the raw mumber of good and rejected clips.

e’

Lo
Logbook 2.1

s Goed A Bt Gets L1
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Exploration

I ll'ﬁe" 1. What percentage of the clips were able o “go™?
Loghack 2.2

L Let'’s assurme that each team in your dass had a “master” paper clip with

the exact same dimensions. Compile the data as a class and caleulate the

percentage of paper clips that fell outside the folerance and provide your
answer in the [nventor's Logbook space below.

As a class, discuss plausible reasons for the variations found in the paper
clips. Why do variations ocour in production? How impaortant is quality for
this type of product versus a product such as a heart monitor or computer?
Herwr eritical is it bo sales that mam facturers mect cortain criteria such as size,
appearance, and quantity?

50 Preject ProBase » Mamubacouring Technolegies

Notes:
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Product Costs

Exploration
| Students are learning how
P money drives the quality
§ of a product in this task

Product Costs by making trail mix. Since

Money drives the quality of a product. Quality costs money. An important the students Will be handling

part of limiting cost is Hmiting the varlability of the product. By systemati- m

cally approaching the production of a product, manufacturers can control food’ lt iS important that

quality and keep costs in check. In the following exercise you will institute a

syslematic approach in the production of trail mix. Fiest you will determine each student wear disposable
Safety 3

how vour trail mix will be made, and then you will determine its cost,

plastic gloves. The area for

1. Oibtain from your teacher a bag of raising, peanuts, Méh's?, and PRI R PR AT
sunflower seeds Obtain also the cost of each bag, from the feacher. aflergic reaction inme this task Should be Clean and
Caleulabe the todal cost of the materials and record the amount in the m’:“m‘ .
Inventor's Legbook Table 1 bdoc\em'::ll the COllnteI' tOp COVQI'ed Wlth
2. Create a trail mix necipe determining the amount of cach ingredient that IR plastic_ It is also important that
will end up in the tinal product. Flow many ounces ot each ingredient
will evenly distribute the ingredients across 10 equal parts? Complete you are aware Of Student fOOd
Tahle 1 .
T T allergies; some students may
erail mix i ™ .
= S—— \L be allergic to peanuts. You can
Pet 0 substitute another food like
REH® Loghaok 2.3
e marshmallows for the peanuts.
Tataki

Table 1, Costaf matarials

To the right of each of the food
items is an example of what the
students should do. The data

s Goed A Bt Gets 51

in the table are supplied as a

sample and do not represent
actual answers. Data will differ

depending on the size of bag

that you purchase.
Ounces in Ounces in trail
Cost . Cost/ounce Cost per product
bag mix
Raisin 2.99 24 24 012 0.30
Peanuts 2.65 24 24 0.11 0.27
M & M 399 16 16 0.25 0.40
Sunflower seeds 2.99 16 1.6 0.18 0.30
Totals 12.62 8.0 0.66 1.27

Figure 2. Cost of materials table
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After students have

devised a way to mix the trail

mix they should produce 10 bags
of mix and record the amount of
time required to complete the task.
Students are then asked to use the
data for 10 bags and calculate how
long it would take to produce 50
and 100 bags of trail mix. When
students are asked to complete
Figure 3, their answers will vary
depending on how efficiently they
put all the ingredients together in

the trail mix.

Approximate Time
10 bags 9
50 bags 45
100 bags 920

Figure 3. Approximate times
needed to produce trail mix

Next, students are asked to consider
the costs associated with producing
the different amounts of trail mix
when labor costs and production
times are factored into the final
cost.

If each person is paid $6.50 an hour, how
much would the labor cost for making
50 bags of trail mix the way the team
designed their production line?

Exploration

m 3. The efficiency of the production line is also figured indo cost. Before you
Begin to make the trail mix, design and create 2 way 1o systematically
mix the ingredients and package the trail mix.

4. When your team has decided how the trail mix will be made, empty
each bag into a separate bowl. Make sure you are wearing plastic gloves,
The tood should not be handled with unprotected hands,

Hopraamate Time
10 hage
50 hags
100 begs
||le“'“ Tible 2, Apgsirnate times needed ta prochuce tail rmés
5 Omee your team is organized, begin your production system and time
0 'ﬁ\\_ﬁ“‘ how long it takes to make the required ten bags. This exercise will only
l— g) give you a small idea as to what it is like to be on a production line. 1f
Lugheak 24 you wiere to make 50 or 100 bage of the trail mix, approximately how

lowg, wouild it take? Complete Table 2.

L1 Preject ProBase » Mamubacouring Technolegies

If there are 4 people on the team, and the team took one hour to
produce 50 bags of trail mix, the labor cost would equal $26.00
(4 x $6.50= $26.50).

However, using the times presented in the example in Figure 3, it
took 45 minutes to produce 50 bags of trail mix.

Therefore, the labor would cost $19.50 (4 x $6.50 x .75=$19.50).

One hundred bags would cost $39.00 (4 x 6.50 x 1.5 = $39.00).
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Exploration

. From the information you acquired in the previous steps, create a chart
in the Inventor's Logbook space provided that shows how much it costs

per bag of trail mix when time and labor are considered, In this exercise,
the cost for labor is 56,50 an hour per person. Your table should indicate ﬂ

how much it would cost to make 50 and 100 bags of trail mix in your

team’s production line. -!-each i ng

Employee Labor Expense Table Wein | e | e
Emplopee 41 5, | The Student Guide has
Employee 82 § | p the labor cost fixed at

Etngloyes £3 5. S $6.00/hr. You may want to
Log}

ki i adjust the labor cost for each
Total Labor CostTane Period Loghook 2.5

employee to make the task

Asa team, discuss the quality of your finished trail mix, Is there

more realistic to the industry

anything that you could change in your production system to improve

the quality of this product? List the quality indicators that your team 166
used bo judge the quality of the finished product in the Inventor's and add a leVel Of dlfflculty
Loghook spac provided. for your students.

s Goed A Bt Gets 51

Employee Labor Expense Table 30 min Lhr 8hr

Employee #1 $

Employee #2 $

Employee #3 $

Employee #4 $

Total Labor Cost/Time Period
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Reflection i

Students in this section are asked
wefleCtig o

to reflect on their learning experi- o

ences in the Exploration phase and il

answer the following questions

in the Inventor’s Logbook spaces Reflection

Reflect on your learning experiences in the Exploration seclion as a team, and

provided in their text. answer the folkowing questions if the Tnveritor’s Loghiook spaces provided,
E 1. How does the material selection, production time, and cost of labor

1. How does the materials selec- affect the quality and cost of the finished product?
tion, production time, and s
cost of labor affect the quality Lﬂ?:,w
and cost of the finished Loghock 16 2 How will you maintain quality control in your dispensing machine?
product?

2. How will you m aintain 3. How will you ensure some degree of uniformity so that every customer

gets the same end product?

quality control in your

dispensing machine?

4 Which consumer inputs will you apply to your dispensing machine's
design?

54 Preject ProBase » Mamubacouring Technolegies

3. How will you ensure some degree of uniformity so that
every customer gets the same end product?

4. Which consumer inputs will you apply to your dispensing
machine’s design?
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Engagement

Engagement

Students are expected to brain-
storm possible materials that they
will use for the proposed process.
Let the students see materials
that will be available to them
before they begin to lay out the

Wihat rine o N.'u'mlrsl.'lm-rrﬂn!.' m r.h.-::ml.ir.\.
R controd phase of o mmnfactursd prodect?

Engagement process that they intend to employ
For this Esgagemerd activity, you should work in your Prisiey Chalienge teams. tO Create their Soap diSpenSing

Your tearm will work on the solutkon to the Prioery Clicllengs as you apply some . .

of the ccrucepis ik weie exploted durinig this Jearcing cyele: A8 1 Frimery device. If they need a material that
Chillenge tearn:

you do not have available, require

1. Create diagrams or other suitable illustrations that describe at beast three . . .
different solutions to the Prinary Challenge. Brainstorm possible processes them to prOVIde a written ratlonale

that will be needed to create a device that dispenses liquid soap and is

for using that material and have

customer friendly.

et them provide possible vendors.
R

Log As part of this Engagement activity,
Logbaok 2.7

students are required to iden-
tify the internal factors that will
affect their team’s solution to the
Primary Challenge. These factors
include expenses associated with

the cost of developing the idea,

T how much it will cost to produce

the product (keeping in mind

the materials, processes, and
labor), the quality of the finished
product, and the packaging and

TeaChln shipping costs. Students are

. g provided space in their text to

| Students are expected to diagram or illustrate at least record these factors. Encourage

P three different solutions to the Primary Challenge. Provide them to save their list and share it

§ them with time to get into their Primary Challenge teams with the class during the presen-
to brainstorm ideas and work on their diagrams. tation of their solution.
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This learning cycle has briefly
explored the concept of quality
control. Students are asked

to identify specifications for
quality control within their soap
dispensing device. Each team
should generate a list of specifica-
tions to guide their quality control.

For example, the dispensing device
should dispense 1 ounce of soap
to each customer, or the process
of dispensing soap should take no
longer than 10 seconds. To make
these requirements most efficient,
you may want to encourage your
students to assign various team
members to the actual work after
the brainstorming work has been
completed.

m possible source of other oplions for oblaining iL

Engagement

2 Bralnstorm possible materials that you will use for each proposed
process during the solution of the Primary Challenge. Your instructor
will help your team by listing the materials on the board that are avail-
able for yeur use. 1If a material is not listed and your team feels that it
18 required for your solution, you must provide your instructor with
a written rationale for using this material that includes the cost and a

o

Loghoek 1.8
3. Identify the internal factors that will affect vour team's solution to the
Primary Chailenge, Record this intormation in the space below so that it can
be used during the presentation of your team’s solution
L
|Wn€:
Logheok 29
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Finally, each team should calculate the final cost of the soap
for the consumer. The students should consider the various
internal factors that will contribute to determining a price.
For example, the cost to produce the product (the materials,
processes, and labor), the quality of the finished product and
the packaging costs should all be considered.
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Engagement

d. Mdentify the spectfications for quality conteal that will guide your facility
in atleast oneof the production steps and in producing the final pradusct.
Forexample, each container must be flled with atleast one cunce of liquid
soap, or only one choice can beselected at one time by the consumer. Brain-
storim posaible ways o ensure thal your specifications are beting met. Will
your solution check every product? Will it randomly check for quality? List
your beant's speciications below with a descelption or illustration of your

“gofno-go” gauge.

5. Calculate the final cost of the soap for the consumer, keeping in mind
the different costs to The Seap and Lotion Depot, including quality control

Logbouk 210

%

I i
Loghaok 2.1

s Goed A Bt Gets
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Teaching

| You may want to have

P students choose various

§ soap colors and scents
at this point so that mate-

rials may be purchased in

advance.

As Good As It Gets
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Expansion

Although not required, these
Expansion activities are designed
to cause teams to delve deeper
into the concepts explored in this
learning cycle.

Students should select only one of m

the following options.

1.

56

The students are asked to take
a look at the Hershey plant
tour provided on the Internet
(http://www.hersheys.com/
tour/index.shtml). Students
will have an opportunity

to see how a company buys
primary materials from other
sources. This web site also
contains excellent examples
of processes involved in the
manufacturing process. If
this web site is unavailable in
the future, you should have

Expansion

Select one of the following three Expansim activities to engage in and follow
the directions.

I. Go to the Hershey's™ website it hersheys comi tousfindex.shiml | and
explore the manufacturing process for Hershey's Kisses”. Besides
the internal factors that were discussed in this learning cycle, how is
: product quality affected if primary materials are purchased from other
||'Ww‘ companies? In the Inventor's Logbook space provided, create a list of

[oghot*

Lugbaok 212

products that use primary materials from other sources.

e

Interview a plant manager or design
engineer to see how they control quality
during the design, development, and
production of the products that they
mitke. Ask them what the most inflen-
tial factor is during production and what
the tracde-off is for that choice, Share the
resules from your interview with your

class during a brief presentation,

5B Preject ProBase » Mamubacouring Technolegies

your students search for other

virtual tours of manufac- 2. Students are required to interview someone who is directly

turing facilities.

Project ProBase * Manufacturing Technologies

involved with designing a product or facility. Students
should create a list of questions for the interview based on
what they learned during the learning cycle. Allow time in
class for students to share their findings.




3. Make chocolate chip cookies using a
systematic method that ensures quality
conirol. How many of the cookies are not

acoeptable to eat? What could you do
differently next timne if you wanted ko

maintain 100% quality? Try making another
batch of cookies using the same recipe but use

less expensive ingredients. |s there a difference between the two batches

of cookies? Do you think that material quality always directly affects the

product quality?

AREER
CNNECTIONS

wme careers related to

ng cyche. For more infor-
ing Specialin matian, vist the United 5
Diepartment of Labar's O

al Ourlook Handbook ar:

bl o

r
T Die Maker
Qualicy Conrrol Supervisar
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3. Inthis Expansion activity, students are required to compare
the quality of materials by making cookies. This activity
can be done inside or outside of class time. Students should
choose one chocolate chip recipe and make two batches of
chocolate chip cookies. One batch of cookies should be made
with name brand chocolate chips and the ingredients listed
in the recipe. The second batch of cookies should be made
with a store brand chocolate chips and alternative ingredi-
ents such as an egg substitute. Students should generate a
list of criteria that they will use to judge the quality of each
type of cookie. Students should use this criteria to closely
examine the quality difference of the cookies.
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Preparing for the Challenge

Students are asked to begin
thinking about factors that may
affect and control quality in

their soap dispensing machine.
Students need to make decisions
about the ingredients they intend
to use for their liquid soap, so that
they can be ordered to arrive in
time for the Primary Challenge.

Student Assessment

An assessment rubric has been
developed for the Exploration and
Engagement activities. Feel free to
change this rubric to better suit
your particular needs.
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Preparing

i ﬁm T L htl.':'k.e' wh:n.}uu have 'h~.11l'|.'|e'|| T'n;pl'm this .||'nmini; I.'-\-t'll..' .-!r-\d
gin thinking about ways that you may control quality in
for the Chal enge your soap dispensing device. Use the constraints and requirements
in the Primary Chailenge o help choose what s important to your
product. Do you want to have a more expensive product with higher quality

of do you wank 1o dispense a soap that is reasonably priced?

e
£

Logbovk .13
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As Good As It Gets

Name: Date:
Criteria
Element Poinis
4 3 2
aCC(();itartl;Cfei /ir(l) Constructed an Constructed an Constructed an
Production 8 accurate “go/no go” accurate “go/no go” accurate “go/no go”

Quality Control

go” jig; accurately
categorized the

paper clips in “go”

and “no go” piles.

jig; paper clips were
95% accurate in “go”
and “no go” piles.

jig; paper clips were
85% accurate in “go”
and “no go” piles.

jig; paper clips were
75% accurate in “go”
and “no go” piles

Product Costs

Complete and
accurate calculations
recorded in
Inventor’s Logbook;
the cost of labor
is calculated and
recorded in the
Inventor’s Logbook.

Complete but
somewhat inaccurate
calculations
recorded in
Inventor’s Logbook;
the cost of labor
is calculated and
recorded in the
Inventor’s Logbook.

Information missing
and inaccurate
calculations
recorded in
Inventor’s Logbook;
the cost of labor
is calculated and
recorded in the
Inventor’s Logbook.

Information missing
and inaccurate
calculations
recorded in
Inventor’s Logbook;
the cost of labor
is not calculated
and recorded in
the Inventor’s
Logbook.

Engagement

Identified parts of
the soap dispensing
device; created a
complete diagram
of how soap will
be dispensed in
Inventor’s Logbook;
team assigned
roles and worked
extremely well
together.

Identified parts of
the soap dispensing
device; created a
somewhat complete
diagram of how soap
will be dispensed in
Inventor’s Logbook;
team assigned roles
and worked well
together.

Identified parts of
the soap dispensing
device; created an
incomplete diagram
of how soap will
be dispensed in
Inventor’s Logbook;
team assigned roles
but did not maintain
them, had trouble
working together.

Identified parts of
the soap dispensing
device; created an
incomplete diagram
of how soap will
be dispensed in
Inventor’s Logbook;
did not assign roles
and did not work
well together.

Total Points

As Good As It Gets
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Loop 1n%‘
Through Design

Introduction

In this learning cycle, the students
will be focusing on applications

of the engineering design model
and a set of design principles that
will guide their thinking as they
solve technological problems. Many
instructors have adapted unique
forms of the engineering design
model; however, they all tend to
share common characteristics.

These characteristics are what make
general problem solving models
applicable to so many different
situations. In this learning cycle,
the design process will be applied
to both a product and a facility in
order to assist students in their
planning for the Primary Challenge.
Figure 1 illustrates one example

of the engineering design model
(sometimes called a design loop)
promoted in Standards for Technolog-
ical Literacy (ITEA, 2000, 2002).

This learning cycle will begin with
an activity that causes students

to explore factors that should

be considered when designing

a product. These ideas are then
merged with a set of universal prin-
ciples that can be applied to almost
any design situation.

Introduction

HE NUMBER OF GOODS AND MATERIALS PRODUCED theough the
Tim]’:lt'munt.ﬂ'i(m of various manufacturing processes is growing rapidly.

After a walk through the museum or after rummaging through your
choset, it quickly becomes evident that the production of goods and materials
has been arcund for a very long Hme In fact, some of the earliest forms of
manufacturing can be found as far back as the Stone Age as humans worked
with materlals found in nalure.

These artifacts from the past {eg, a stone axe)
and modern products are forms of technology
that require thinking and planning to produce.
As the centuries have passed since the Stone
Age, changing human wants and needs have influenced
technological developments as well as the way things are
made, Products must be adapted to meet the evolving demands of
society in order to stay competitive. Would you be willing to purchase
the most technologically advanced stereo produced in 19757 You would prob-
ably not be willing to purchase a sterec with an 8-track tape player. Products
adapt and so do human desires and demands for products,

The design loop i= what designers use to guide their thinking while developing
marketable and profilable products. Although it is used in many different
variatims, the strategy of using a design model or loop can help to reduce
the chances of a faulty or inadequate product. The "loop” aspect of the design
provess will assure perindic feedback so that the product will continually be re-

evaluated and designed o meet the changing needs of the modem consumer.

o Preject ProBase « Manstachuring Technologies

design
criteria

micro
factors

design
criteria
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Facility Requirements

Internet access is required for
research of material/product
processing. Large open areas (or
room rearrangement) are necessary
to allow for an assembly line.

The design loop also helps designers solve problems in a logical and effec-
tive way by following a series of steps. Once a problem becomes apparent
{through consumer feedback, defective parts, etc), the problem is clearly

defired. In l.lﬂl‘:r waords, the complete pature far the problem is clarified and 0 bjectives and
et ﬂ Essential Questions

Atter the problem is identified, the parameters involved in solving the problem
are established and cutlined. The parameters that guide the solution vary from

product o product. Usually the parameters concern technical abilities or the

available resources; for example, the type and amount of material available, 1. Generate a viable solution
the time constraints, the technical expertise needed, and the amount of money .

available often need to be considered, Other parameters may inchude the judg- tO a teChnOlOglCal problem
ments, rules, and standards that need to be followed or met, For example, it a . .

product needs to meet government standards for cleanliness, health, or safety, uslng a deSIgn model (the

those issues need to be considered at this point in the design loop

design loop).
Essential Question 7b: To what
extent can design problems

be addressed through a
series of generic procedures
(a design loop)?

2. Identify and change a set

of characteristics within a
Losing Though Deign 5 design as they pertain to
a set of design principles

(i-e., function, efficiency,
Experienced designers use a variety of processes as well as design aesthetics, ergonomics, and
anthropometrics) and apply

those characteristics to the

principles when they develop solutions to various problems.

For the sake of simplicity, the students will focus on only five development of a product
principles as they work to solve the Primary Challenge for this and a system.

Learning Unit. The five design principles are function, effi- Essential Question 7c: What design
ciency, aesthetics, ergonomics, and anthropometrics. The Explo- criteria is typically considered
ration phase of this learning cycle focuses on applying the when developing new technol-
design principles to product design while the Engagement phase ogies (i.e., marketability, safety,
engages students in a simulated manufacturing scenario where usability, reliability, cost, mate-
they apply the principles of design to a production facility. rials, etc.) and how do these

influence the final product/
system design?
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After the peoblem and the
parameters are clarified, the

next step in the design loop
Is > begin o bralnstorm and
identify multiple potential soh-
tions to the problem. A list of
the different solutions should
be developed and the charac-

Estimated number of 50-
minute class periods: 4 E

Implementing

teristics which can be varied
to better meet the problem
pinpointed. From the list, the

Evalimsirg and
Refining Protcayping
Faling solution that best meets bath

Suggested Daily Outllne the problem and the param-

Figere 1. Tha FraBase design laop eters is chosen for a solubion

created from condensed and combined ideas). The selected solution is refined
and fully developed and then lested and evaluated to determine iF i meets

Day One Day Two the parameters and solves the problem, If refinements are necessary, they
A are made and the solution is tested and evaluated again. After the problem
. Reﬂectzon, i= believed 10 be solved, the item or product is made and presented. If other
Exploration
P Engagement. problems or feedback concerning the product occur, the loop starts over
Design 1 . : d again. For an illustration of the design loop see Figure 1.
.. planning an
Prlnc1ples .. An excellent example of a product "passing” through the loop many fimes is
OrgaHIZIHg the television. Think abeut how the elevision has changed over the years Why

have these changes taken place? Perhaps consumers have demanded itproved

performance (plasma screens), better usability {remobe controls), or simply
Day Three Day Four more atiractive designe. Another possible reason could be that new technolo-
gies (satellites and digital cable) have impacted the over-all design. Regardless
of the factors that “drive” the design changes in the television, a competitive

Engagement: Engagement marketplace requires adaptations and innevations in manufacturing,
implementing Preparing for
assembly line the Challenge

&6 Project ProBase « Manstachuring Technologies

Equipment and Materials
Based on a class of 28 students:

¢ 5 different flashlights that range from simple to elaborate
designs.

¢ 15-20 inexpensive flashlights that can be disassembled.

* Copies of the Design Principles Worksheet (in Appendix,
page AH)
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Aside from the products themselves, it is equally important bo
—— i i & 7 .
consider the design of manufacturing processes and facilitios.

f.f \ In order for a product to change, the processes by which
\‘\ -y It is produced mist also change. New tools, mate-
! \ I;‘ rials, and exuipment enable mamfacturers o

| create improved products.

&

The design loop is used while designing any
manufacturing facility or process as well as
the product. An important compaonent of
maximizing a company's profit is ko reduce

its pmt|m11'||n costs, mprovements made

to the production or assembly of compo-
nents can increaseefficiency, limitor utilize
waste more etfectively, or provide new and
innovative features to the products being
rnanufactured.

Objectives
After completing this learning cycle, you will be able to:

1. Generale a viable solution Lo a technological problem using a design
model {the design loap).

2. Ientify and change a set of charsckeristics within a design as they
pertain bo a st of design principles and apply these concepts to the
development of a product and a system.

Losging Through Desszn

a7

Clarifying
the Problem

Brainstorming

Ideas

Communicating
Results

technological
design loop

Selecting a

Implementing Potential Solution

Evaluating and Modeling and
Refining Prototyping
Testing
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Exploration -

This activity will focus on the engi-
neering design model and the design
principles that are used to guide the
development of a product.

Wiat facfors affect the decisions that desiguers miake aboit
diredr printucts aid Roa dhe prodict fueckions?

Teaching

| Itis important to have

Exploration
P students think about the '
50 many options are available to consumers today when they go to the
s design model they wlu be store o make a purchase. Product designers are always searching for new
weays to discover what people want and need. What is it that you want in a
using_ Whether the design product? How about when you buy a new pair of sunglasses? Is making such
a purchase an easy task? How many decisions do you have o make before
model iS directly from Stan— finding, the “right pair” for you? Can you list the eriteria that you would

use b make that decision?

dards for Technological Literacy

Most likely, other people would have selected a different
pair than the one you did. Perhaps they use different
criteria in making their dedision or maybe they are just

interested in different design features than you are.

Product design is influenced by factors such as how
the product looks (form) and how well it does the job it
is intended to do (function). Ensuring that an item looks
andd feels good can be just as important 2s accomplishing
itsintended task when you are producing a product in a
competitive marketplace.

or developed from a different
source, it should contain the
following universal elements:

¢ Clarifying the problem

® Brainstorming ideas

¢ Selecting apotential solution
* Modeling and prototyping S

¢ Testing

¢ Evaluating and refining
¢ Implementing

¢ Communicating results Te aChlng
| Provide the students with five different types of flash-

p lights. You may want to consider having your students
§ bring flashlights from home so that you can have a
wider variety. Students should be organized into teams
of 2 or 3 and receive a copy of the Design Principles
Worksheet to be completed as they work through this

activity.
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Exploration

Sometimes designers face difficulties Anding a balance
s, between design characteristics that sccomplish form
\ while achieving functionality. Think about the modern
vemote conbrol for a lelevision. Most have been
desigined with bubons that are appealing and read-
able, and that are a size that is comfortable for the
\‘\.‘ average user—bul what about the ability to func-
tion? Comsumers want an appealing device o
operate their television equipment, but they also
want everything o be unbversal and easy to use

and understand.

With all of the equipment and hardware that has
become a part of the home entertainment center,
\ the electronics designers struggle o create
remote comtrol techmologies that are universal
and require minimal effort fo operate while
meeting the wants and needs of the consumer.
1= your remate control “easy”™ for you to operate?
Think of an elderly friend or relative. Do you
think that they have the same desires for a

remobe comtrol device that you have?

In this activity we are going to examine another product that has undergone
tremendous changes in form and function. Your instructor has collected a
variety of flashlights that renge from very simple to very complex. Before
looking at these fashlights, gather into small teams of two or three and
complete the tasks on the following page.

Losging Through Desszn

o

Notes:

Looping Through Design
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Ask your students probing ques-
tions that will cause them to think
about the design principles (i.e.,
function, efficiency, aesthetics,
ergonomics, and anthropometrics)
as they generate their own set of
questions.

For example, ask your students
to consider questions that would
cause someone to think about
the function of a flashlight, or the
ergonomics built into the designs
that they are working with.
Example questions are provided.

¢ Does the flashlight use
rechargeable batteries?

¢ Does the flashlight adequately
provide light in a darkened
space?

¢ Does the flashlight work
without failure under various
conditions (water, cold, heat )?

E I s normal cecumstances fe.g., while camping or in an emergency).

Exploration

In the Inventor's Loghook space provided, brainstorm a Hat of as many
questions as possible that would guide your decision-making process
when purchasing a fashlight. These questions should relate to the form
and function of the product and explain how you intend to use it under

Loghook 3.1

Woeking with your team, combine similar questions and narrow the list
down ko a todal of five questions.

* Locate the Design Principles Worksheet provided by your instrscior and
write the fimal five questions in the spece provided below the Design

Cuestions column

= Using five different flashlights from your instructor, provide a scored
rating from a scale of 1-5 (1 being the minimum and 5 being, the
maximum score for each given category and sample)

= When completed, total the soores for each sample flashlight and determine
the “perfect” of most accepeable flashlight based on the highest fotal score.

MW Preject PraBase « Mamsbacnring Technolegies

¢ Is the flashlight attractive?
¢ s the flashlight comfortable to hold?

¢ Is the size and shape of the flashlight consistent with what
a flashlight should be?

¢ Does the flashlight have the potential to attract the atten-
tion of prospective buyers?

After developing questions of this type, students should
begin to assess each of the sample flashlights based on these
questions to determine the one that best fits their needs as a

consumer.
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Reflection

pa ]
-

Reflection

The questions that vou developed in the Explomtion activity are likely to be
the same or similar ko those considered by a designer or engineer. A series ﬂ
of general design principles are usually adepted by manufacturers to ensure
that thetr product{s) are meeting the demands of the consumer and soclety.
Ihe following five general design principles are a fow of the many principles

ot design that guide research and development in industry.

Function - The made of actlon by which a product fulfills [t ntended purgase.
Droes the product fulfill its intended purpose?

Eil:ﬁlv.'"f - Fltness or power o accomplish, or success In accomplishing, the
purpos intended. Does the product perform in an efficient manner?

Aesthetics — The conditions of sensueus perception, [s the product pretty or
appealing? Do is appear bo be of high quality?

BMI'I.CS - The study of the efiiclency of humans in thelr working emviron-
ments, 1 the product easy and comfortable for a human bo wse? Do the
product pose amy health risk for a human?

AnthropoMENIEs - Standards and sequirerments for sioe and shape, s the table
top the standard height? [s the stair mil the standard height? Is the electrical
outlet at code helght?

Locging Though Deimgn 71

Reflection

Students will need time to review the five design principles in
order to categorize the questions they have developed. The five
design principles along with brief descriptions are provided
below. The Student Guide defines each of these principles;
however, you should elaborate on how they apply to both a
product and a facility. Make clear the fact that many other
design principles exist (form, reliability, safety, durability, etc.),
but the five categories being used are very universal and appli-
cable to the Primary Challenge.

Function

The extent to which a device

or process fulfills its intended
purpose. For example, sunglasses
come in a variety of different
styles, but they must be able to
block ultraviolet rays and fit a
human face.

Efficiency

Ability to accomplish a purpose or
function with minimal resources

(e.g., time, energy, effort). For

example, a portable CD player

should be able to maximize its @
power supply so that recharging

or battery replacement is mini-

mized. Another example is maga-
zine companies always looking
for ways to print materials with
greater speed and fewer mate-
rials. Automation can also benefit
the efficiency rating of almost any
manufacturing process.

Aesthetics

The concern here is for visual
appeal. Clothing designers
compete to create the most attrac-
tive clothing that will appeal to
consumers and fashion retailers.
Aesthetics can even be important
for facilities. Small manufacturers
that compete to supply a larger
manufacturer with a component
or product need to make sure their
facilities are neat, clean, and well
organized (if they hope to attract
business and retain employees).
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Ergonomics

The efficiency and safety of
humans in their working envi-
ronments. Ergonomics involve
careful consideration of interac-
tions between the human body
and the physical world or between
humans and the devices that
they use (remember the flash-
light). For example, the design

of a chair should account for the
natural curvature of the back.
When humans are involved with
manufacturing, the operation of
machines should be designed to
minimize any unnecessary phys-

ical strain or tension.

Anthropometrics

Standards and requirements that
allow the product to fit the human
spectrum or condition. Anthro-
pometrics is a contemporary term
that has applied to products and
systems for a very long time. For
example, a baby crib must have
specific widths between slats to
ensure safety, and the size and
shape of electrical plugs must be
designed according to standards to
ensure that they can function in a

@ -

Reflection

1. Using the principles of design, categorize each of the questions you devel-
oped during the Exploration activity and count how many fall inlo each
catepory. How many questions were concerned primarily with function

IMS and soon? Identify the design principle(s) beside each of your questions.

Loghook 3.2

[X]

Which of the design principles did your questions not address, {or
address well enough) and why would it be important to include such a
consideration when evaluating the design of a product?

=

As a class, discuss some of the questions you developed and the catego-
ries your questions addressed. Were all of the design principle categories
addressed by a question?

M Preject ProBase « Manstachuring Technologies

standard outlet. The use of materials is also an important part
of anthropometrics. Specific requirements for products help

to ensure safety, reliability, and in some cases quality. Most of
the tools and machines in manufacturing facilities have been
designed according to a set of standards to insure interchange-
ability of components in the event of a breakdown or upgrade.
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Allow students time to answer or

— assign as homework the following
questionsin their Inventor’s Logbook
space provided in their text:

1. Make a list of the design char-

acteristics that would be essen-
1:{;\..\ ) mm"m'ii:ﬁ‘:,ﬂ?ff’ 'm",.uﬂhb’hi":f, }mf:;mw tial if the flashlight were to be
T B used by an elderly member of

] aesthetics of a product are more important
]

l : than its functionality. The target consumer your family. DeSCribe Why these

is often the primary motivation for consid-
ering one design principle over another.

design characteristics would be

Congicer  the  farget  consumer

b and answer the following design essentlal-
scenarios in the [ tor's Loghook . .
ek i e Responses to this question should

1. Make a list of the design characteristics that would be essential if the COnSldET the 1’l€€d5 Ofﬂn €ld€7’ly
flashlight were o be used by an elderly member of your family. Describe
why these deslgn characteristics would be essential.

person. For example, the grip

and power button should be

s easily manipulated for those with

In¥
% arthritis.
2. Make a list of the design characteristics that would be essential if the Lug

flashlight were to be used by a handicapped individual with limited use Logbosk 33
of his or her arms and hands. Describe why these design characteristics 2 Make a llst Of the design Char-

wiould be essential.

acteristics that would be essen-
tial if the flashlight were to be
used by a handicapped indi-
Losping Through Deign T3 vidual with limited use of his

or her arms or hands. Describe

why these design characteristics
would be essential.

TeaChmg Students should again consider

| Require students to complete their worksheets. the specific needs of a handicapped
p Remind them to identify the design principle each of person with limited use of his or

§ their questions addresses. After providing some time her arms and hands.

for students to respond in their text, have them share
some of the questions that they developed. They should
also identify which design principle the question is

addressing.
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Engagement _—

This activity is focused on engi- &EE e
neering design principles that —Y—
guide the development of manu-
facturing facilities.

. &
Te ach I n g\ In wohat woeys can fumction, efficiency, acstietics, ergomomics,
[ wircd anthropometrics be applied to the process of manyfchiomng
.

| You should select a flash-

ather B the actunl product tself?

P llght that 1S relatlvely E Werw that you have explored the principles of design as they relate to flashlight
. . . . . design, let's consider the actual process involved with making a Hashlight.

s SImple m ltS de81gn; eaSlly Your instructor has selected a flashlight comprised of multiple components
o that require prodiction and assembly, Given the product and your classroom
dlssembled and reassem- a5 the manutacturing tacility, you will be designing and implementing an

assembly line using the five general design principles.

bled, and low in cost. The

Students Wlll be developlng Bled bulk flashlight materials from your instrustor,

a human assembly line tO * Refer o the stages of Iht'.dh‘iﬂn loop and hl.'j_;in solving the problem as
stabied in the design brief on the pages that follow.

assemble the flashlight of

your choosing.

* Gather into large teams of about 57 and obtain a container of disassem-

The class should be divided
into teams of 5-7 students.
Each team should receive

one disassembled flashlight.

From the SU'bcomponents and M Project Proase * Mamsbacourning Technologies

the constraints listed in the

Student Guide, students are
to design and create a human
assembly line that considers Te aCh | n g
the five basic design prin- |
ciples. Additional flashlights
will be needed (of the same

The engineering design model used during the Explora-
P tion phase should be used to solve this problem. This

o that § will enable students to understand how the design
construction type) S,O 2 model can be used while designing facilities. This experi-
teams can actually implement . . . .

o 7 ence will help your students design the solution for their
their final solution in the

) Primary Challenge.
assembly line.

n Project Probase * Manufacturing Technologies



The student text asks them to solve the problem using the text below:

DesignByje

To: Student Design Teams
From: Management
Re: Facility Design

Our company recently purchased a new building with the intention of dividing it
into two major areas. One area would be dedicated to the actual production of the
subcomponents and the second is reserved for the assembly of these components
after they have been produced. We are giving your design team the challenge of
creating a facility for our flashlight manufacturing company.

We, as a management team, have determined that we must address many factors
before constructing the assembly portion of our facility. We hope to eventually
automate the entire process, but we first must determine the general flow and order
in which the subcomponents are assembled before investing the time and money
into the equipment.

There are many companies in the world competing for the production of flashlights
and, as management, we are very concerned about designing our facility to be as
efficient as possible. Because of your experience with the basic design principles,
your team has been hired to provide a solution to this problem. Specific details are
provided on the following page.

Thanks and good luck!

page 1 of 2
NANAGE AENT

Teaching

| Essentially, the students will experiment with various assembly techniques until they determine

P the optimum assembly system for these flashlights. After they have completed this exercise, you

§ should lead a discussion of the differences between custom production, mass production, and
custom/mass production. You will want to point out the benefits and drawbacks of each, the limita-

tions of each, and the reasons for selecting one system over the others.
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DesignByije

To: Student Design Teams
From: Management
Re: Facility Design

The design loop can be used in a variety of ways to solve many different techno-
logical problems. Though this model is found in various forms, applying it helps to
insure that a designer is taking into account the many different factors that influ-
ence design and the success of a final product. (Return to Figure 1 on page 68 to
better understand how designers implement the design loop.)

You will be using this process to generate your solutions to the facility design. The
five basic design principles should guide your research and influence your deci-
sions about the proposed and implemented solutions. The following constraints and
limitations must first be considered before solving this problem:

1. The assembly line must consist of individual cells (or stations) through which
the product must pass as it is being assembled.

2. Since the cost of producing the line is expensive, each cell should consist of a
person(s) rather than a machine to represent the automation.

3. The research portion of the design loop should take into consideration the five
design principles, as they would apply to the facility design.

4. At least two plausible solutions to the flashlight assembly problem must be
proposed by the team before you are allowed to test your process design.

5. The feedback stage of the cycle must include references to how each design
principle could be improved within the facility design. These responses must
be recorded in the Inventor’s Logbook space at the completion of this activity.

page 2 of 2
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Engagement

Becord (in detail) the design process you followed while solving the problem
in the Inventors Logbook spaces provided on the next bwo pages.

e

oo™

Logbook 34

Locging Though Dessn 77

Notes:
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Notes:

16

1]

[ota
oo™

Logheok 3.5

Engagement

Project PraBiase = Manufacnuring Technologies
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type, evaluating the model/
prototype, and presenting
the results) should be used to
guide their thinking as they
encounter different problems

and issues.

Respiond to the following Expemson activity.

Solutions should take on the

. Facility layout and design is very important to consider when plan-

ning a production system. Break into small teams and select one of the form of a flow chart, which

e @] e bocesandarows oshow

Ve P e the flow for dispensing liquid
% soap. Students must identify
Logheok 36 what materials they are going

to use and what specific things

must happen to these mate- @
rials to reach a final product.

The flow chart should be

very descriptive and contain

information about what must

ORECTIoNS e happen to the materials and
Mechanical Engineer o i S . . . s
e n“i:,i,'f'_‘,"' iyl ”;r"::ﬁ::;u-ﬂ_ the dispensing device within
( i each component or cell.
o 2. This activity will reinforce
the engineering design model
and the planning of produc-
EXPanSion tion processes. In teams of
three, students are asked to
Although not required, these Expansion activities are designed select a product (toilet paper,
to cause teams to delve deeper into the concepts explored in this toothpaste, or toothbrush) and
learning cycle. create a flow chart to identify
key steps and processes that
1. In this activity, students will identify the characteristics must occur in sequence to
that their dispensing device must have to accommodate the produce the selected product.

process and the variables involved (fragrance, color, label)
for their Primary Challenge.

The use of an engineering design model (e.g., defining the
problem, generating potential solutions to the problem,
selecting the most viable solution, making a model or proto-
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Preparing for the Challenge

Progress on a solution to the
Primary Challenge is an impor-
tant consideration of this learning
cycle. Upon completing the activi-
ties, it is very important for the
Primary Challenge teams to have
completed a flow chart that repre-
sents the processes they will use to H
dispense liquid soap.

]

Preparing
fﬂf Ihl’. l:hal [0 that you will be faced with when designing and constructing
ge ’ gning &

Freparing

Now get back into your Primary Clallenge teams. In order io
pemerate a solution to the Priomry Challenge, o will need (o
use the design koop. In fact, there are many different problems

vour facility.

Begin this process by considering your experiences from Leamning Cycle Two.
You had the opportunity to investigate various materials and processes used
by produce soap products. Hopefully, you have come to o conchasion about
how you will create the solubion to your Primary Chalienge from the three alter-
native solutions you came up with in Learning Cyecle Two. 1f not, here is your
opportunity to refine and choose one solution.

Review the materials and procedures that must occur within your dispensing
device to dispense the soap and solve the Primiry Challenge. Consider the vari-
ables such as fragrance, color, and the label. Use the design loop to document
each pn;\-hll'rn yon encounber. Yo mi;_;ht want ko conmtact a company ar expert
with experience in manu facturing products to help resclve any problems you
encounter

Progect PraBase = Mamsbacouning Technologies
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Freparing

The: folloawing questions might help you refine your solullon. Answer them in
the Inventor's Logbook spaces provided:

1. What steps must occur for rew materials bo enter the machine and for a
complebed product bo exit the vending machine?
a. Create a flow chart documenting this process ) ﬂ
11 P lrﬂﬁ“m

Logbook 3.7

Locging Though Demgn 81

Notes:

Looping Through Design 79



Student Assessment

An assessment rubric has been
developed for the Exploration and
Engagement activities. Feel free to
change this rubric to better suit
your particular needs. In addition,
it will be your prerogative as to
how you assess the answers to the
questions and other required tasks
that students placed in their Inven-
tor’s Logbook spaces.

80 Project Probase * Manufacturing Technologies

i

Preparing

b What must take place physically fio the material and/or product) as it
passes through the vending machine?

c. What safety considerations must be made fo assure the safety of the
user and the safety of the machine?

]

. After considering the flow process of your vending, machine, with what

particular process are you most concermed?

Progect PraBase = Mamsbacouning Technologies




Looping Through Design

Criteria
Element Points
4 3 ) |
Overall Demonstrates Demonstrates Demonstrates Demonstrates
Design Model: exceptional reasonable minimal poor applications
applications of applications of the applications of the applications of the of the design
the generic stages design model in design model in design model in model in solving
within the design solving problems solving problems solving problems problems in
process. in learning cycle. in learning cycle. in learning cycle. learning cycle.
EXploration/ Reflection Demonstrates Demonstrates Demonstrates Demonstrates
Design Principles: exceptional reasonable minimal poor applications
(product) applications of applications of applications of of design
applications of each design principles design principles design principles principles in
design principle in product design. in product design. in product design. product design.
Engagement
Design Principles: Demonstrates Demonstrates Demonstrates Demonstrates
applications exceptional reasonable minimal poor applications
of each design applications of applications of applications of of design
principle through design principles design principles design principles principles in
researching & in facility design, in facility design, in facility design, facility design,
documenting through research through research through research through research
assembly facility documentation. documentation. documentation. documentation.
design
Engagement
Process Design: Dee)zlcec}ogce)i;n Developed a good a[iiz:é?f;i?e Developed a
ﬂow chart flow cﬂart and flow chart and flow chart and poor flow chart
containing cells of a L descriptions. L and descriptions.
process to assemble descriptions. descriptions.
a flashlight
Engagement
gag : Devel(?ped Developed Developed Develope.d
Process Desion: exceptional . reasonable poor technical
g . good technical . . .
technical technical . . technical illustrations
. . illustrations of the . . s
A siitiemne off illustrations of the facility lavout illustrations of the of the facility
facility layout facility layout. ylayout facility layout. layout.
Expansion: Developed Developed
Primary Challenge exceptional flow Dfelzsioiiit%(cﬁd reasonable flow Dgzsjiiii};g?r
solution and flow chart for the Primary Challenee chart for Primary Primary Challence
chart Primary Challenge. Y 8¢ Challenge. Y 8¢
Totals
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In Control

Introduction

In this learning cycle, students will
be focusing on the use of micropro-
cessors that are used in computer
integrated manufacturing envi-
ronments. This learning cycle will
introduce students to the BASIC
Stamp® HomeWork Board™ and a
standard servo motor.

Students will attach the servo to

the HomeWork Board’s project plat-
form and run a set of programs that
control the movements of the servo.
Students will use this knowledge
during the Expansion phase as they
are challenged to create a valve to
control the flow of water using the

servo motor.

Objectives and
Essential Questions

1. Describe how a microprocessor
is used to control devices and
systems and to provide infor-
mation to humans.

Essential Question 9b: How do tech-
nologies communicate with one
another and provide informa-
tion to humans?

2. Write a program to control a
“position-able” motor.

Essential Question 9a: How are
technologies used to control
devices and systems?

Introduction

OMPUTER INTEGRATED MANUFACTURING
c(("ll’\.ﬂ is the integration of computers into

the manufacturing process. By introducing
computers  nto manufacturing, engineers and
designers have been able to reduce costs in almeost
every aspect of production, from producing designs
to packaging and shipping. CIM machines have also
reduced the time and effort required by dorens of
human workers. CIM allows machines to repeatediy
produce products in a safe, economical, and Hmely
manner. Although computers and microprocessors
have been integrated into manufacturing through
thousardds of applications, a few common examples
are listed below:

= Computer Aided Design {CALY) — computer
software used to create, modify, and design
products, CAD allows complex drawings to
be quickly altered when new product designs
are called for or new safoty features are intro-
duced. A traditional board drawing would have
required hours, if not days, to redraw.

8 Project ProBase « Mamsfacoming Technologies

design technologies
criteria migrate
factors

Manufacturing Technologies
Learning Cycle Four Concept Map

control technologies
devices communicate

Technological
Utilization

Technological
Spin-Offs

Constraints &
Trade-Offs

Manufacturing

design
criteria

attributes &
principles
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control
devices
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instrumentation

relationships

Technological

design
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Design

Technological
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design loop
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(7) BASIC Stamp serial program-
ming cable - suggested source:
Parallax, Inc. (www.parallax.com),
part # 800-00003

BASIC Stamp Editor®version 2.1

software
s Compuler Numerical Control (CNC) - used to program the basic motion
of machines. CNC allows a mamifacturer ko quickly set up a machine (7) 470 Q) Resistors (ye]low_violet_
o perform a process by simply recalling the slored compuler program
from a database. CNC programs also allow the operator ko simulate a brOWn)
process before it s actually run o identify erroes in the program.
* Computer Aided Mnnurm'l'fjriﬂb' {CAM) - computer interfaced i.n1c: the (7) LEDS
management and contral of mamifacturing, CAM has allowed for better
control of the management aspects of manufacturing such as sched- E
uling and inveniory control. (7) 3_pin Male/Male headers

In this learning cycle, you will explore how microprocessors are used to
control devices such as motors and valves, In later learning cycles you will
learn how microprocessors can also be used to control a wide variety of other

(11) Jumper wires

devices, such as relays, switches, and sensors

Objectives (7) 9V Batteries

After completing this learning cycle, you will be able to:

1. Dhescribe how a microprocessor is used to control devices and systems (7) 2 AA battery paCkS
and to provide information to humans
2. Wrile a program to control a “pasition-able”™ maotor. Sma]_l tension springs

Small machine screws
(7) Short lengths of wood

M Ring stands and clamps from the
chemistry department

cont’d on following page:

Facility Requirements

No special facility requirements are required as long as students
have access to computers and a place to design and build their
valve system.

Equipment and Materials
Based on a class of 28 students (teams of 3-4 students):

(7) BASIC Stamp Homework Boards - suggested source:
Parallax, Inc. (www.parallax.com), part # 28158

(7) Standard servo motors - suggested source: Parallax, Inc.
(www.parallax.com), part # 900-00005
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The following materials can be
varied, as long the tubing and

rod chosen fits in the chosen t-
connector. You may want to obtain
a variety of each and have the
students choose among them:

Flexible rubber tubing

How omn @ relay be controfled
eth @ micrpressor?

(7) T-Connectors (can be obtained Exploration
from KelVln) Microprocessors are used to control all kinds of motors, For example, in an
ink jet printer the print head is moved by a stepper motor that is controlled
m by a microprocessor, and in a DVD player the automatic eect feature is alwo

(7) R()ds: WOOd, metal/ or Other controlled by a microprocessor. During the manu facturing process, micropro-
cessors automale manufacturing processes by receiving inpul signals from
material sengors and relays and sending output signals o devices such as motors,
switches, and lamps. “Microprocessor-controlled” motors are controlled
by sequences of high and low (on/off) signals that are
(14) Containers tO hold Water delivered at specific rabes, often on the order of a few

milliseconds of less. The timing and number of
separate high/low signals differ from one maotor
b b net, but they can all be comtrolled by

Students will also need access to microprocessors.
a personal computer to enter the S R
twi or three, come up
program into the BASIC Stamp with situations where -
a conteol is activated L
Editor software and to connect to perform a function ¢
These situations can be L
their HomeWork Board. either manual or automatic. For exarmple, switching on or off a light switch

marmally controls the light in the room. Other devices sutomatically control
ather tunctions in your home, automobile, or in other locations, Becord as
mamy situations as your team can think of within the time allotted. Which
team came up with the most?

Estimated number Of 50_ 8 Proect ProBase * Manfacomng Technologies

minute class periods: 4

Exploration
Suggested Daily Outline

Have students form teams of two and three to come up with
examples of using controls to perform a function. Allow time

Day One Day Two for students to discuss and compare each team’s responses.
Some examples include flushing a toilet, cruise control in an
Exploration, Engagement automobile, and an elevator button.
Reflection
Day Three Day Four
Engagement,
Engagement Preparing
for the Challenge

86 Project ProBase * Manufacturing Technologies



and the coast button decelerates
Reflection .
the speed. The resume button will

cause the car to return to the most
;
= recent speed. Hitting the brake

-? will disengage the cruise control
and cruise cannot be set below 25
mph. The cruise control system
Reflection controls the speed of your car
G b the Internet and research how the bwo different controls you came up lnternally by ad]ustlng the throi‘tle

with work and answer the following questions,

position. A cruise control actu-

- Drescribe how each control works from the user’s standpoint and within

the cortrol systern itsel. et E ates the throttle valve by a cable
b
lng’ﬂ“

connected to an actuator, instead

Logbek 4 of by pressing a pedal. The throttle
. What are the input signal and the cutput signal for exch control? valve COI’li’TOlS the power ﬂnd

speed of the engine by limiting

"

how much air the engine takes in.

3. How are the bwo comtrols diferent? The same?
2. What is the input signal and @

the output signal for each

control?

The input is the user’s action of
pressing the button, which gives
the output of turning the cruise

Gl B control on and displaying the light
on the dash.
) 3. How are the two controls
Reflection different? The same?
Students are then asked to independently research two different Students should compare their
control systems and answer the following questions: answers from the two questions

) above for each control they chose
1. Describe how each control works from both the user’s

to research.
standpoint and within the control system itself.
For the cruise control example, the control usually is activated by
pressing a button. A light is displayed on the dash notifying the
driver that the cruise control has been activated. The driver is no
longer required to use the gas pedal. In many cars there is an on/
off button that has to be pushed to allow the cruise control to be

set. The set/accel button tells the car to maintain its current speed
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Engagement

The BASIC Stamp microcontroller
(BS2) and the servo motor are rela-
tively simple devices. Students
should follow the instructions and
schematics exactly as given. There
is a brief introduction to under-
standing schematics on page 94 in
the Student’s Guide, along with a
chart explaining a few of the sche-
matic symbols that will be used in
this Engagement activity. Make sure
students understand how to read a
schematic before they go on. Only
schematics will be given in the next

learning cycle for setting up circuits.

88 Project ProBase * Manufacturing Technologies

There ane u ot of cifferene
sirvosetun and thiy wil
el d ffaeunthy Lo whe
sagnals senn by e samme
progras, Some may begin
wresr rtation dfferanthe and

rotwie o dfferen locations

with the sarre signal.

Engagement

Engagement T
Some microprocessor-controlled motors o e

are called “stepper motoss” and require Resivity 1 = A More Comphes Serie
complex control circuitry o work. In m 3 = Servo Motor as a Valve
this learning cycle, you will use a servo
motor, which is a stepper motor with some additional contral circuitey bullt
inkn the motor housing, making it casy bo connect and control. In the following

activity, you will connect a standard servo motor to a power supply and to the
BASIC Seamp® HomeWork Board™ The BASIC Stamp (B5Z) microcontroller
embedded in the HomeWork Board, is a tiny microprovessor that processes
signals and commands and stores. the results.

PUEs

By programming the BS2 vou are sending very brief “high” signals o the
servo motor to control the servo motor's horns. These high signals are sent
over and over again every X0 milliseconds (ms} and last anywhere between
1 and 2 ms. The length of the high pulse determines the position of the servo
motor horm. The servo moter moves through an arc of 180 degrees. The
“home" position for the servo mobor i 12 o'clock.

b-.a2u
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Engagement

To build the circuit you will need:

In other words, the center of horns one and two should line up with the center
of the servo mator. Each horn should be at 90° In order to observe the move-
ment of the servo medor boms, there are numbers printed on each. You could
also mark one of the horns with a piece of tape

Building a Servo Circuit

You are now going to build the circuit

and comnect it fo the servo motor and a

personal computer, Once each compo-

nent is conmected, you will need to insert

a program into the BASIC Stamp Editor

software, which will send commands to the

servo motor telling it o move in a clockwise position. Remernber, the program

is essentially telling the microprocessor (the BASIC Stamp) to deliver a series

of very brief “high” signals to the serve motor making it turn, in this case, to

the right. You may not entirely understand the program commands, but try to
abserve the servo motor's motion and answer the questions that follow.

b (ool 91

BASIC Stamp HomeWark Boand 4] Jumper wires
Standard servo motar @ battery
BASIC Stamg sevial programming cable Aocess bo a persanal comiputer and
AT Resiston (yellow-yicht brown) LED ‘the BASIC Stamg Editon wersion 2.1
3-pin male/male header E

Teaching
| Depending on students’ knowledge of basic circuitry,

P you may need to go over some of the basics of elec-
§ tronics and circuitry, such as how a breadboard works

and how to read a schematic. For an introduction to the
BASIC Stamp HomeWork Board and a basic explanation of
electronic components, see ProBase’s Introduction to Parallax’s
BASIC Stamp HomeWork Board.

In Control
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470 ohm
i)
P14 D—W\,——N—_L
=
Vin 5
n Servo
P14 White
Red
Black
_|:_ Figure 1. Interpreting
Vss a schematic

-

AW\~ RE SI5TOR

LIGHT EMTTNG DIoDE.

[e’ SERVO MOTOR.

90

Figure 2. Schematic symbols for
common electrical components

Project ProBase * Manufacturing Technologies

i

Engagement

Conpect the servo motor to the 3-pin malke/
male header; then connect the header to the
Hemedork Board’s solderless breadboard or
project platform. Make sure that the colors on
the servo motor’s cable align the same way as
in Figure 3.

Conmert the resistor, LED, and jumper wires
b thie HomeWork Board, as illustrated in both
Figures 1 and 3, Be sure thateach item is placed
inexactly the same hole

Pictures are useful for developing a general
idea of how various electronic components
work. However, pictures often do not reveal the

T A
W SCasTR

e MeTae

Figure 2. Schematic symbaks for
comman elecincal components

complexity of a given circuil. Thus,
schematic diagrams like the one in
Figure | are used to convey electrical
circuits throughout the rest of the
learning eyches. Schematic diagrams
use abstract symbols to represent the
component parts of lechnical systems
and comnect those symbaols with lines
toindicate their relationships.

Schematic diagrams are used exten-

sively toil lustrate electronic circuitry

in service manuals, engineering designs, and during technical instruction,
Schematic symbols have been standardized so that circuitry designs can be

reaxd by anyone who understands the symbuols. Figure 2 illustrates the sche-

miatic symbols used to represent a tew commaon electronic components,

Project ProBiase * Manufacnng Technologaes
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Figure 3. Wiring diagram for Figure 1.




Open the Basic Stamp Editor
program on the computer and
type in the following program
Typeitexactly as shown, including
all punctuation, spaces, and line
breaks, (Computer programs are
viery sensitive to small differences
in formatting.)

Figese 4. Winng diagram for Figure 1.

' [45TA
' [SEE

2 o'clock™; CR

DEEVRE "All done.”
END

b Cantml

L]

(916) 6248333
www paralax.com
ww ~tampsinclass.com
Ve __Vin Ver

Figure 3. Wiring diagram for Figure 1.
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After they have attached the servo
motor and run the program, have
the students address the following
set of questions:

Where did the servo’s horns m
move to?

The servo’s horns should move to
the 2 o’clock position in a clock-

wise motion.

Was the movement fast or
slow?

The servo should move relatively
quickly.

Did the horns make any revo-
lutions?

The servo should never make a
revolution. The Parallax servo

is designed to rotate through an

kL]

Engagement

Connect the programming cable o the HomeWork Board and the computer
and then insert the battery. Press the “CTRL and “r* keys at the same time
ta load the program. After the program loads, you should see a new window
open on the compuber sereen displaying a readoul.

l. To where did the servo rmotor's homs move?

e

Loghock 4.2

Was the movement fast or show?

3, hd the horns make any revolutions? If so, how many™

Project ProBiase * Manufacnng Technologaes

180° arc.
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Engagement

An Explanation of the Program

Computer programs may not make sense until you understand how bo inter-
pret the words and symbaols, Here is a line-by-line explanation of the program
that you ran on the BS2 using the serve molor.

These two lines are special instroctions to tell the BASIC Stamp Editor what
version of the BASIC Stamp hardware and programming language you are
uslig. These Hnes need o appear at the beginning of every program.

GEsE
This line tells the BASIC Stamp Editor that your program will use the word
“eountar™ as a varisble that can store fwo bytes” worth of information. (The
term "word™ tells the stamp to reserve a certain amount of memory for this
variable. For the BS2, a “wora® is two bytes)

VAR Word

DEEUC “Cleckwise Absut 2 o‘clock”, CR
This staterment tells the BS2 to send information o a mew window on the
computer screen. This window will display “Clockwise About 2 o'clock”
and then the servo modor will pecform that function. (All of the other slate-
ments beginning with the command “pERos” likewise display the following
information before each function is performed )

REXT
"FOR.FEXT" loops are used bo deliver a certain number of pulses to the servo
maotor, which cose the servo motor to hold a position for a certain amount of
time. The loop above delivers 150 pulses.

b Conel 95

An explanation follows the questions so students will under-
stand the program. Students are then given a chance to manip-
ulate a few variables of the program and observe the change.
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Engagement

The “rForsour” command delivers pulses that instruct the servo molor on

where to position its horns.

The first number (14} tollowing the “porseor command is the in argu-
ment, which tells the BS2 which 1/0 pin the signal is sent on. A jumpser wire,
resistor, and LED are all connected in Pin 14, All are receiving signals through
this Fin.

The following mumber (500) is the Duration. The Duration controls where
the servo molor turns to by telling, the servo modor how long, the signal will
last. The Duration mumber is converbed inbo 2-mil ionth-of-a-seconds (us). 5o
“FULSOUT 14, 500 sends 150 pulses to pin 14 that last LO0D ps or Ims (500 x
2 ps). Horn one will move clockwise to about the 2 o'elack position.

lo caleulate the duration from o given variable you can use the following
equations:

To conwert fime frorn milliseconds to a Duration:  Duration = number of ms
% 500, To figure out the Duration of an unknown PULSoUT you can use this
equation: number of ms = Duration,/500ms

HEHXT
This last loop is the home position. You should always include this command
as your fimal position so the servo motor can begin and end from home. This
command tells the BSZ to deliver 150 pulses, each of which lasts 1.5 ms (750 x
2 s = 1500 s or 1.5,) This instructs the servo motor o go Lo b center (horme)

% Proect ProBase « Manfacoming Technologies
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Engagement

posation.

Maore Complexity

The next step is to send commands to the servo motor, which will change the
direction the horns move, The previous program turned the servo motor’s
horns once in a clockwise position, lasting 1 ms. Then the program returmed
the horns to center or home, By adding another set of cornmands to the frst
s, the borms will oove in both directions and then reburn home,

b Cantml
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Modify the program to deliver half

as many pulses in each loop. Then

program the servo to receive twice

as many pulses.

1.

5

How did the servo respond
differently in each situation?
Why did the servo respond
differently?

Pulses cause the servo to hold a
position for a certain amount of
time. By changing the number,
you change how long it stays in a
given position.

Modify the duration of the
first two loops and observe
the direction the horns move.
Insert 1000 for the first loop
and 500 for the second.

The duration controls where the
servo turns to by telling the servo
how long the signal will last. By
changing the number, the servo
will move to a different location.

Make sure to point out that the
PULSOUT variable should never
exceed 1000 or go below 500.

96

Engagement

Safety 7
Your Turn

The Pulsenn Durasian
warlabh should never N Y . = i
i ! o] er S any S0 | 3 e
sy i Maodify the program to deliver half as many pulses in each loop. Then
beewson  program the servo molor o recelve bwioe as many pulses.

1. How did the serve motor respond differently in each shtuation? Why did
the serve mofor respond differently?

1]
s
2 Modify the duration of the first two boops and observe the direction the
LDE;B@' horns move. Insert 10600 for the first loop and 500 for the second.

Loghaok 4.3

3. Brainstorm other applications for the servo motor. How could you use
the servo motor in manufacturing? What are some functions the servo
mator could pertorm?

% Proect ProBase « Manfacoming Technologies

3. Brainstorm other applications for the servo motor. How
could you use the servo motor in manufacturing? What are
some functions the servo motor could perform?

These questions are important in order to prepare the students to
design a valve system using the servo motor later in this learning
cycle. Students may also decide to use the servo motor for their
Primary Challenge solution. Some examples include connecting
the servo to a light switch and programming it to turn the lights
on and off or connecting the servo to a faucet and programming it
to turn the water on and off.

Project ProBase * Manufacturing Technologies




Engagement

Using the Servo Maotor as a Valve

Mow that you have learned how to control the motion, speed, and timing of
the serve mobor vou can use it to perform other functions. The servo motor
can be used as a valve to control the fow of liquid. The setup of the project
platform is similar to the last activity. The instructions will begin from that

same sekup.
Tio build the citcuit you will need to obtain the following from
vour instructor:
Tulbing Small terision springs
T-connectar Small machine screws.
Rad (wood, metal, eic.| Ring stands and clamps.
Shart lenaths of wood slats A battery pack
Contaners ta haokd water 12 A battaries

The servo motor will need more power o be used as a valve. A separate
battery pack is connected by inserting the negative (black) lead of the battery
pack in the same row as the black lead of the

servo motor.  The positive (red) lead of the
battery pack should be connected 1o the sanme i lﬁ
row as the red lead of the servo motor, Next,

remove the fumper wire that is connecting
the red lead on the servo motor to Vin on L0 e

P14
the HonreWork Board. e
You are now powering the servo motor with o e
hattery pack

the battery pack while controlling the servo (s
mrbar with the BS2

b Cantml

"

Servo Motor as a Valve

Students are asked to apply the programming
knowledge they have learned and create a valve
system using the servo motor. Using the servo as a
valve will help students prepare for their Primary
Challenge solution.

Instructions are given to connect a separate battery
pack to the HomeWork Board, but students are
given little guidance in the implementation of their
valve system. From the materials they are given,
students will need to construct a system using the

servo to move the valve rod in
and out. They can construct their
system however they choose, as
long as it is designed to stop the
flow of water. They can measure
the success of their design by
answering the questions that
follow.

In the example pictured below, the
water infeed would be connected
to a plastic bottle holding water,
which would provide a reservoir.
A small pan or bowl would be
used to collect the water as it flows
through the tubing. The tubing is
connected through the t-connector.
The rod is set vertically in the
t-connector, and with a simple
mechanical linkage the servo can
be programmed to raise and lower
the rod, creating a valve system.
This is one of many potential solu-
tions to the design problem.

Example valve system
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You might want to provide a variety -
of materials for the students to
choose from for each aspect of their
valve system. There are different
t-connecters available that can be
used; you might want to purchase

different ones and have students

Now that you have the HomeWork Board set up 1o power the servo mator

ChOOSQ. Theil‘ ChOiCG Will diCtate the properly, construct & simple system for controlling the flow of water using
. your serve motor. The servo motor will need fo be set up o control the posi-
size of rod to be used. The mate- tion of the rod of spring in the T-connector. The servo rotos can be mounted

. . . b the wood skats with small screws to stabdlize it
rial to be used for their rod is also a
.. 1. Are you able to control the flow of water completely with the servo
decision they can make.

mator? IF ok, how could you modify your design o stop the flow of
water completely?

The type of tubing needs to be s
flexible because the servo does
oo™

2 How long did you stop the flow of water?

not generate a lot of force and the Loghook 44

program students are using (the

same as in the above activity) sets
. L. 3. What adjustments would need 1o be made to control the flow of a
the servo to a specific position but different substance?

does not hold it there for long. The

mechanical resistance with the servo

provides some tensional resistance,
but if the internal friction is not suffi-
cient, the students will need to use

a tensioning Spring, Oor some Other 1] Progect PraBase » Hamlauunng TEanl[gm

method to hold the servo in position.

Have the students experiment with this and then answer the
questions that follow:

1. Are you able to control the flow of water completely with
the servo? If not, how could you modify your design to
stop the flow of water completely?

2. How long did you stop the flow of water?

3. What adjustments would need to be made to control the
flow of a different substance?
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Expansion
Several activities are presented below in arder to extend your understanding
about the concepls studied in this leaming cycle to pew situations. Select one

aof the following, Exparsion activitios to engage in and follow the directions.

1. Mow that you understand how a microprocessor {or microcontrol ler}

works, explore some different products that use microprocessors. E

Comduct research on the Internet to find at least beo different products
that contain a microprocessor, Your report should include the name of
the product, the type of microprocessor used, and how the micropro-

cessar works in order to perform a particalar function.

r

. Druring the beginning of this learning cycle vou were introduced to the
coneept of computer aided design {CALD). Conduct research to discover
at least one application using CAD. Your report should include an expla-
nation about how CALD is used, where it is being used, and an example
of the design it has produced

w

. Yo were likewise introduced to computer numerical control {CRNC)
Conduct research on the history of CNC and prepare to share your find-
ings in a written or oral presentation. Your report or presentation should
include when it was developed, common applications, and graphical or
pictorial examples of CNC.

b Coneml 100

Expansion

Although not required, these Expansion activities are designed
to cause teams to delve deeper into the concepts explored in the
learning cycle.

Students are asked to research one of three different topics:
products that contain microprocessors, computer aided design,
and computer numerical control. They must also prepare a
report to explain their findings.

In Control
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Preparing for the Challenge

After students complete the Expan-
sion activity, ask them to meet

in their Primary Challenge teams

so they can brainstorm together
ways to integrate the BASIC Stamp
and servo motor into their soap
dispensing device. Students should
think through the necessary steps
and modifications in order to
include the servo into their device.

Student Assessment

An assessment rubric has been
developed for the Exploration and
Engagement activities. Feel free to
change this rubric to better suit
your particular needs.

il

Preparing
Here are some careers relared HEE(‘:E"%NS
this leaming cycle. For more infor-
maatian, visie the United States Compuser Conrrel Programmer
Diepartment of Labar's Oecu- Flecrical Eagineer

Preparin
for the Challenge

M 1

patianal Outleok Handbaok at: i By A
Elecaronics Enginser

wwwbls govfocn
L

The microprocessor has been integrated into the manufacluring
process at all levels. In your Primery Challenge teams, brainstorm
ways that your team might integrate the BASIC Stamp and the
servn motor ko the scap dispensing device. What aspects of
the set up and program need to be modified fo meet the requine-
mentsof the Primary Clallenge?

=

et
£

Loghook 4.5

Project ProBiase * Manufacnng Technologaes

100 Project ProBase * Manufacturing Technologies




In Control

Criteria
Element Points
4 3 1 |
Encountered .
Successfully Successfully difficulty in Did not
connected the connected the connectin successfully
Engagement: servo to the servo to the the servog connect the
C i Basic Stamp; . ) . servo to the
ontrolling Basic Stamp; to the Basic . .
thoroughly answered and Stamp: Basic Stamp;
a Servo answered b could not
M . completed answered and
otor questions and most of the completed answer and
completed exercises a fewpof the complete the
exercises. ' exercises exercises.
Successfully Siigii:guily Encountered Did not
created a valve svstem: difficulty successfully
Expansion: Valvg system difﬁc}llllty ! creating a ' create a ‘
using the . . valve system; valve system;
Servo as a . . brainstorming -
servo; applied application unable to did not
Valve system to IZ)I; Servo brainstorm brainstorm
the Primary to Primar for Primary for Primary
Challenge. Challengey Challenge. Challenge.
, Fully Answered Did not
Inventors answered all most of the Answered answer
Logbook entries and entries and few entries entries and
Entries provided provided and provided did not
good some few examples. provide
examples. examples. examples.
Total
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Making Sense
of it All

Introduction
Introduction

This learning cycle provides oppor-
tunities for StUdentS to interact Wlth UCH! THAT WOULD PROBABLY BE YOUR FIRST REACTION IF ¥OU
Otllut'hl'li the top of a hot stove and affer an instinctive move to pull your

hand away. This reaction is a result of your body's senses

and the many tay nerve endings beneath the skin, We use

different types of sensors and learn
aur eves b s AF it 1% safe b0 oross the street, our ears o

about their functions within the
hear the alarm clock, our noses to find the location of
the freshly made popooen, and our sense of laste o
pick the best ice cream. All of these are sensors

that have been built into our bodies.

manufacturing process. They will

get a chance to solve a manufac-
turlng prOblem US1ng thelr Ch01ce Of ﬁ Our senses provide us with the information
. . needed o make living in our environment
sensor and bulld upon thelr knOWI_ possible. Sometimes the results are pleasurable; at
other times, they're painful. What happens with our
senses and our bodies is very similar b0 what happens in a manufcturing

edge from the previous learning
. systemn, Wi have inputs, outputs, and a whole range of processing power that
CyCIe uSlng the BASIC Stamp' extends far beyond any other living organism. In fact, we rely quite heavily
on the information processed through our sensory systems for safeby and o
tunction in our world

Ob eCt.Ives and . Have you ever had a really bad cold where your ability to taste and smell

Esse ntlal Questlons diminished? How did this lack of sensary input impact the food that you ate

and your experience of eating it? As you probably realize, sensors can bake on
many forms and detect many characteristics.

Sensors have a significant impact on how we function within our environ-
mient. Sensors provide feedback that can impact how we move and respond fo

1. Explain how sensors work and
environmental conditions, During the initial years of the automobile industry

how they are used in manufac-
turing to control technological

systems and devices.
Essential Question: What are the bl L
key elements of the various
technological systems and what
are the relationships between
these systems?
@ .

Manufacturing Technologies
Learning Cycle Five Concept Map

2. Develop a program to logically
. . Technological
control a set of inputs to achieve - _— | spinotts. Technological
. critera migrate _— Utilization . relationships
a desired output. — —
Essential Question: How is techno- ‘ /,
logical instrumentation used to ! . /
g 1 1 t . l t \\ Constraints & MaHUfacturmg /
measure, calculate, manipulate, \ Trade-Offs T . - /
echnologies
and predict the actions of tech- \\ 8 /
devices /
nological devices and systems? \ /
\ /
|
Technological Technological
Design e Systems
attributes & —~——
principles
design loop
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Equipment and Materials

For 4 teams of 7:

(1) Each of the following sensors:
Inductive Proximity Sensor
Float Switch

{eirca 19000, much of the qualily contral, moniloring of systems, and produc- ContaCt Sensor
tHon systems relied on the flexible senses of the human body. An assembler .

would visually detect a defect in a part {such as a cracked or missing compo- FOOt SWItCh

nent) that would require a quick solution o action to take place.

As the sutomobile industry became more refined and as the machines used o (4) LEDS
mizke and assemble automaobiles grew in complexdty, it became almost impos-
sible for the human senses io serve as the only quality control measure. In fact,
human errer is the primary
cause of flawsin manufacturing’
Mamufacturing has become so

(4) 4 AA battery pack

comphex that, in meost manuface
turing situations today, human
sensory contrel is not capable

(4) Alligator clips and wire

of operating all of the devices
that need o be monitored and
conirolled.  Computers  and

(4) 220 ) Resistor - Students may
choose to use a 220 Q) Resistor

ather information systems have

taken the place of often unreliable hurman actions, (YOU may want to purChase
In manufacturing, many types of machines and equipment have been devel- two of each sensor to have
oped to communicate information, transmil power, and interprel various

conditions under which another machine must react. Machines gather Smaller teams,)

information from many different types of sensors and then autornatically
{and often instantaneously) initiate the logic thal has been stored within its

oy (shorage media). For 7 teams of 3 or 4:

(7) BASIC Stamp HomeWork
Boards

Hakmyg Sense of it Al 107

(7) BASIC Stamp serial program-

ming cables

F&Clllty Re q u | rements (14) Contact (push-button) sensor

(7) 470 Q Resistors
No special facilities are required for this learning cycle.

Students should have an adequate work area for assembling the (14) 220 €3 Resistors
electrical circuits.
(14) 10K Q Resistors
(7) LEDs
Jumper wires

(7)4 AA battery packs

(7) 9V battery
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Estimated number of

50-minute class periods:
4

SuggEStEd Dally OUtllne Information-gathering lechnologles, such

used than you may think. For example,
Day One Da)' Two your home probably contains dozens,
if mot hundreds, of components and
technologies that could be classified as
Explomtion I Explomtion 11, :wen.-mm. Examples {rfund i mnst bhomes
R . I R . II inchide heat sensors in ovens and stoves,
eﬂectzon eﬂectzon motion detectors in security systems or
—— outzide lights, the thermostal that conteols
the heating and cooling systems, and the loat sensor inside an automatic ice
Day Three Day Four maker that closes the water valve when the ice molds are full.
Maost sensors are relatively simple devices, vet when combined with machines,
other sensory  equipment, and networked with 2 primary  processing
A system, semsors can accomplish some amazing tasks.  In this lkeaming
Engagement, ik : b R e
Engugement Preparzng cycle, you will explore and learn how to use different types of sensors,
for the Challenge -
Objectives

After completing this learning cycle, you will be able to:

1. Explain how sensors work and how they are wsed in manufacturing ko
conirol technological systems and devices

2 Develop a program to logically control a set of inputs to achieve a
desired output.

10 Project ProBase = Mamudacoenng Technologies
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Exploration

‘ _E:n ploration

Haoe cnm we controf o outpret sech as @ lampe or matar

wsdig Hre teprat frome 2 sevsor?

Exploration |

In the following activity you will have the opportunity to explore a variety of
sensors Your instructor will divide the class into leams and assign each team

b a2 station, At each station beams will conmect their sensor b a power souroe
and am LELY Each team will also conduct research on its sensor and present

their findings to the cass.

Subsitute any of thes=
snaars inko the diagram

Tix build the circuit you will
need o oblain the following
materials from your instructor:

LED
i} 4 Ak Battery Pack
1 Alligator clips and wire
l 0 € Resistor
[— e fod
Fiest, spend some Hme examining the
L7 sensor toosee if you can figure out how
A : it works. Then, follow the appropriate
oy 1 LD Siemimic schematic o connect the sensoe o the
P T LED and the power souree and to operate
ool CI gt Mo your simple sensor-controdled citouit
l L
-1.-...-.‘ Tioat  fool peaomity

fmich  seinch meitch el
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Exploration

Four stations should be set up around the room with one of the
four sensors at each and the following materials:

(1) LED

(1) AA battery pack

(1-3) Alligator clips and wire
(1) 220 Q) Resistor

If you decide to purchase more than
one of each type of sensor, you can
have more stations and more teams.
You will need one sensor for each

team.

Students are first asked to explore
how their sensors work and then
they are asked to connect the sensor
to a power source and an LED by
following the appropriate schematic.

Subsitute any of these
sensors into the diagram
T

Fdldc[oio“o: fo

220 Q

|
1{|<
LED
Figure 1. LED

| | |
L, oloﬁolob’
OOIOII ! o

contact float  foot proximity
switch  switch switch switch
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It is important to point out here

the difference between a normally-
open and a normally-closed device
or sensor. Some of the switches

the students will use are normally
open and some are normally closed.
Students should understand what
this means.

Normally-open sensors are open
(not conducting, off) when you

do not activate them and closed
(conducting) when you do activate
them (turn them on). Normally-
closed sensors remain closed
(conducting; on) when you do not
activate them and open (off) when
you do activate them. So, depending
on the type of device or sensor
(normally open or normally closed)
you are using, the program may
cause the opposite output than
expected. If you have a normally-
open sensor, 0 will be open (off) and
1 will be closed (on). For a normally-
closed sensor, 0 will be closed (on)
and 1 will be open (off).

Once each team has connected the
sensor to the battery pack and the
LED, allow time for each team to
conduct research about their sensor.
They should present their findings
to the class. Presentations should
only be 3-5 minutes and include a
description of how the sensor func-
tions and how it is used in manufac-

turing and/or in products.

Exploration

An imporlant point 1o note heee is the difference between a normally open
and a normally closed device or sensor, Some of the switches you will use
later in the leaming cycle are normally open and some are normally closed.
MNaormally open sensors are open (nol conducting, turmed off) when you do
not actuate them and cosed (conducting) when you do actuate them (turm
them on). Mormally closed remain closed {conducting, ony when you do not
actuate them and open {off) when you do actuate them. So, depending on the
type of device or sensor (normally open or normally closed) you are using, the
program may cause the opposite output than expected. If you have a normally

E open sensor, O will be open (off) and 1 will be closed {on). For a normally

chosed sensor, O will be closed (on) and 1 will be open (off), This sounds more
complicated than it really is. You will see how these work first hand as you
turn the light on and off using the various switches in this leambng cycle.

After each team has complebed its research, it will present the sensor o the
class, Presentations should only be 35 minutes and include a description of
how the sensor functions and examples of how the semsor is used in manufac-

turing and/or in products
In your Inventor's Logbook keep notes during each presentation to describe

how each sensor works:

]
Iy
% Inductive Proximity Sensors
LUE Float Switch

Loghank 5.1

Comtact semsor

Foot Switch

e Proect ProBase = Namudacoenng Technologies

The goal for this Exploration is to have students realize that all
sensors control circuits either by inducing a current or stop-
ping the current flow. The LED lights up when the sensor is
activated if it is a normally-open sensor because it is closing
the circuit. The LED lights up when the sensor is not activated
if it is a normally-closed sensor because the circuit is already
closed. The inductive proximity sensor, for example, has alter-
nating magnetic flux lines moving back and forth through a
coil. As soon as the switch closes, the electrical path through
the coil is complete and current is induced in the coil.

The other students should keep notes about each sensor in their
Inventor’s Logbook. These notes will help them decide which
sensor they will use for their Primary Challenge solution.
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Reflection

0
-

Reflection

Reflect on your leaming experiences in the Explorstion section; answer the
following questions in the Inventor's Logbook spaces provided.

1. Explain how normally open and normally closed devices or sensors are rmmufi

different. %
Lo
Logboak 5.2 m

2. Identify a real-world application for each type of sensor.

3. Of the sensors that you explored, which sensor might be most useful for
your soap dispensing device that your team will design for the Primary
Clrallenge?

Hakmg Sense of it Al 111

Reflection

The students will be responding to the following questions in
the Inventor’s Logbook spaces provided in their text.

1. Explain how normally open and normally closed devices
are different.
Normally-open devices are open when you do not activate them
and normally-closed are closed when you do not activate them.

2. Identify a real-world application for each type of sensor.

¢ Inductive Proximity Sensors.
Inductive proximity sensors are
used to detect ferrous metals.
They are used in food manufac-
turing facilities to detect foil packs
inside cardboard boxes. They can
be used to control machine tools
and conveyor systems.

e Float Switch. Float switches are
used to detect the level of fluids.
They are used in applications
where the level of a fluid needs to
be monitored, such as pharma-
ceutical, biotech, and chemical
industries as well as water tanks
in factories and beverage manu-
facturing facilities.

e Contact Sensor. Contact sensors
are fairly common and require

physical contact with an object to

work. They are used in applica-
tions where physical contact can
be made, such as safety switches,
machine tool brakes, and start/
stop stations.

® Foot Switch. The foot switch is a
type of contact sensor. It is used
when an operator needs to have
both hands free from a moving
part such as shear blades, or when
the operator needs to have both
hands available to hold things. For
example, as materials are being
packaged, it is sometimes neces-
sary to have the operator hold the
bag open and in the correct place.
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3. Of the sensors that you
explored, which sensors might
be most useful for your soap
dispensing device that your
team will design for the Primary
Challenge?

Students may find ways to use
almost any of these sensors in the
solution to the Primary Challenge.
Contact sensors can be used to
detect when the soap container is
positioned correctly. The proximity
and photoelectric sensor can be used
for this purpose also. They may
create solutions where the operator
can use the foot switch to control
the circuit. The float switch might
be used by some teams to indicate
the level of liquid soap in the soap
storage containers in the system.

Teaching
| You may provide students

p with a resistor color code
S chart. There is one avail-

able in ProBase’s Introduc-
tion to Parallax’s BASIC Stamp
HomeWork Board.

(10

E previous activity and the previous | oo pecer
learning cycle activities using the (3] 220 01 Reslstors
BASIC Stamp HomeWork Board. In (3] BOK O Ressiatasrs
your Pramary Chillenge teamns, you will LED:
Frst wire one sensor o the HomeWiork lumges wires

Exploration Il

During the first Explontdon, your T build the circuit vou will need

leam experienced the operation of | e following materials

several independent types of sensors. from your Instructor:

However, what happens when we

want to design a deviee where we | HomeorkRoard project plafanm
Iwith BASH Stamp]

BASIC Stamp serial programming cables
Contact [push bulton) sensan

can control the sensor's output? In
this activity, you will build on the

Board and then program an output.
fou will then wire two sensors at the
samie Hrme b the HomeMWork Board o
contral a single output using control

2,
: P14 L)
or Boolean logic

Wss

Follow the schematic in Figure 2 o Vd
I'llﬂ%"rlI('I}'LlﬂrI.1Tl'|11"|\'||h{1|’|('((‘|’|hk"‘ P4 roi |
sensor wired to the HomeWork Board 22014}
Then enter the program given below 10K
into the BASIC Stamp Editor exactly
as written and answer the questions | Fiune Schematicwith ==

contact sensoe Vas

that follow. An explanation of the
program folkows the questions.

11 Project ProBiase * Manufacnning Technologaes

Exploration I

Students are asked to build on their knowledge of sensors and
their experience working with the BASIC Stamp HomeWork
Board in the previous learning cycle. In teams, students will
first construct the Homework Board’s project platform with one
input (contact sensor) and one output (LED). After they have
programmed the BASIC Stamp (BS2) and answered the ques-
tions that follow they will get a chance to go through an expla-
nation of the program commands. They will then move onto
constructing the project platform with two sensors and one
output. Using Boolean logic, students will command the BS2 to
respond according to the inputs.
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* Does the LED light up? Why or
why not?
The LED should light up when the
push-button is pressed after the

Exploration

program loads.

If the push-button is pressed for
comalpy a longer period of time the LED
- will blink. The LED blinks because

i it is being turned on (HIGH14)

:NI i and off (LOW14) repeatedly, very

Tuu: ﬁ quickly (50 ms). The program will
continue to repeat (LOOP). If the

LED is not lighting up when the

Connect the programming cable b the HomelWork Beard and the computer

and then insert the battery. Press the “CTRL" and “r” keys at the same time to push_buﬂ'on is Pressed Students

load the program into the BS2. Afler the program loads, you should see a new

windew open on the computer screen displaying a readout, Press the push may have Constructed the Circuit

button sensor and observe the LED,

- incorrectly or entered the wrong

— program commands.

How long will the LED light up while pressing, the sensor? %\k
l[:b i ¢ How long will the LED light up
DOk 3.

while pressing the sensor?
The LED should light up (and
blink) continuously.

Hakmyg Sonse of it Al 113

Students will be
constructing their
470 ohm L .
o 7x circuits using sche-
Y I | | matic drawings. Please
Vss refer them to the
vdd previous learning cycle
P4 o ANV 5o for guidance on inter-
220Q preting the schematic
10K Q symbols being used.
Figure 2. Schematic with =
contact sensor Vss
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Exploration

An Explanation of the Program

WERLG HOME
The *pEmG BoME™ command instructs the computer to clear the screen in the
new window that opens affer the pragram loads each Hime.

WEBDG ¢ IH 4
The "cegvs 7+ command displays the value of the statement that follows on the
sereen in the new window, In this case it displays the pin (IN] vahe of pin 4.

IF [INd=1} THEN

An “IF.TEER" command instruces the BS2 that if the conditions are met by the
statement following the IF command, then it can proceed to the next opera-
tion. This program (IN4=1) follows the [F command, which means if pin 4 is 1
ar activated (closed or om), then the next operation should be fallowed,

HICH 14
Ik nest (1','.\-!'I"1['ii,lr|, “HIGH,™ instrocts the BS2 to ackivate (hum on) pin 14,
which turns on the LED,

PALSE 50
The "prusE” command delays the execution of the next program, in this case
for 50 ms.

ENDIF
“EmprE” tells the BS2 1o end the [F operation listed above (IN4=1).
LowWl4a
“Low” instructs the BSZ to deactivate (tum off) the pin number that follows

114}

The "Loop” command simply repeats the above program.

114 Proect ProBase = Namudaconng Technologies
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Expuration ¢ Now return the 1 to 0 in the
“IF.THEN” command and
replace the 50 with any number
from 50-250. What happens
when you press the sensor?

Why does this happen?
Your Turn Replacing 50 with a larger number
MNow that you understand the program commands, you can modify a few of ZUZZZ delay the bllnklng Of the LED

the varlables:

while pressing the push-button.

Replace the 1in the ~1F. THEN" command with o What happens when you

press the sensor? Why does this happen? The PAUSE command programs
L . .
i how long Pin14 will be on and off.
MNow return the 1 toQin the 1R TRER" command and replace the 50 with 0@“&‘ E Thus/ the LED will blink while the
any number from 50-250, What happens when you press the sensor? Why . .
does this happen? Loghock 54 push-button is pressed because it

is continuously looping through
Maore Complexity turning Pinl14, the LED, on and off.

How do you think the BS2 would handle input from two sensors at the same
time? This is a very real situation in even relatively simple manufacturing
systems. In the following activity, vou will add a second sensor to the circuit
and control the inputs with different sets of commands, The commands
contain control or Boolean logic to execute a set of programmed instructions

teor comtrol the input from the sensors

Hakmyg Sonse of it Al 115

Students are asked to manipulate a few of the variables to better
understand the commands being used in the program.

® Replace the 1 in the “IF.THEN” command with 0. What
happens when you press the sensor? Why does this
happen?
The LED should turn off when the sensor is pressed and be on
when it is not pressed. Pin4 will be activated (on) until the sensor
is pressed turning it off (0).

Making Sense of It Al 113



Exploration

More Complexity with
Boolean Logic

Students will use Boolean Logic
to program two sensors and one
LED. They will first be introduced

to two basic logic functions: AND i

. As circuits get more comples, it becomes necessary o manage the logic of the
and OR Then they Wlll have an clecult’s L‘nu.l.pulﬂ. IJ-chnanPIug.ic 18 often embedded into pmg?::m.-a d:flgneni o
. control the outputs of a circuit. An understanding of Boolean logic is essential
Opportunlty tO use eaCh Of these for programming the BS2 with multiple sensors. For the following activity.
funCtiOHS ln programming the there are bwo basic logic functions used.
. Tlhe AND Fuesection
input from the two sensors. You
. The AMD function requires both sensors to be either activated or closed in
may want to spend some time E arder for the output to be activated. As illusteated in the schematic below, both

Aand B sensors (input) have to be closed for the light {cutpuf) o be turned on.

gOlng through eaCh funCtion Amnother way to understand the AND tunction is through a truth fable, Figure
. . 3 uses binary notation in a truth table o illustrate the AND function. 0 repre-
because students will be using sents de-energized or open and 1 represents energized or closed.
these in the Engagement phase of l""‘i Output ke
thlS learning CyCle. ool o Swwitch A is off, Switch B is off, therefore lamp is off
[} 1 [ Swilch A is off, Switch B is an, therefore lamg is off
1 a I Switch A 15 an, Switch B Is off, therefore lamyp is off
1 1 i Switch A is.an, Switch B is an, therefore lanp is on

Flgesre 3. Truth table for sirmgike SHID circuit

& Proect ProBase = Namudaconng Technologies

Output Explanation

0 0 0 Switch A is off, Switch B is off, therefore lamp is off

0 1 0 Switch A is off, Switch B is on, therefore lamp is off
1 0 0 Switch A is on, Switch B is off, therefore lamp is off
1 1 1 Switch A is on, Switch B is on, therefore lamp is on

Figure 3.Truth table for simple AND circuit

114 Project ProBase * Manufacturing Technologies



Exploration

Inputs
Iw' . Dutpur Explananion
[ i} [H Switch A bs off, Switch B 15 off, theredore lanp (s off

Switch A i off, Swilch B ison, therefone lam is on

1 1] 1 Sawiteh A is om, Switch B is off, theredom lanap s an

1 1 1 Swikch A is an, Switch 1 is an, therefore lamp is on

Figure 4. Truth table for simple OR ciioae
The OR Furiction m

The OR function requires anly 470 ohm
PR one sensor ko be activated or P14 10
P4 s closed for the output to be acti- VVV ' |
L ' 1 vated. Both sensors will also acti- =
Vsi vate the cutpul. As illustrated in Vss
Vid the schematic, the light foutput) vdd
2] 5% will be turmed on by activating P4 L
2301k one or both semsors (Inputs). 2200
10K 0 The truth table in Figure 4 also
dernonstrates the same.
i 10K Q
Mow that you understand bwo L
22011 of the Bookan logic functions P
you can use them o program the v I vdd
Figan 5. Booless 1506 P3 o1
mhﬂ " o 0K BSZ ko control the input from two
E, sensors and one output. Follow 220Q
the schematic to construct your
cirenil with two sensoes. 10K Q
Hakmg Sense of it All Vss
Figure 5. Boolean logic
function schematic
Inputs ;
P Output Explanation
A B
0 0 0 Switch A is off, Switch B is off, therefore lamp is off
0 1 1 Switch A is off, Switch B is on, therefore lamp is on
1 0 1 Switch A is on, Switch B is off, therefore lamp is on
1 1 1 Switch A is on, Switch B is on, therefore lamp is on

Figure 4. Truth table for simple OR circuit

Making Sense of It All
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Exploration

Notes:

The AND Frgection

R

} AMD (IN3=l] THER

ﬁ i
HIGH 14
ALSE S0

An Explanation af the AND Fretion

IF [IN4=1} (THI=1] ¥HEHW
This “zr.ruEw* command uses the AND logic function. The command
instructs the BS2 to do the next operation if pin 4 and pin 3 are on (1), So, if pin
4 and pin 3 are activated (turned on), then pin 14 is activated (HIGA 14) amnd

the LED turms on,

I8 Project ProBiase * Manufacnnng Technologaes
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Exploration

The OR Funelion

EE HOME
EBDG 7 INd
JEEIA: 7 IR 3

IF (INd=1] QR {IN3=
HIGH 14

} THEN

An Explanation of the OR Funetion
F (IHd=1] ABHO (THZ=1] THES

This "t THEN" command uses the OR function to control the input from the

v semsors. 1f pin 4 or pin 3 is activated (1) then the BS2 will go to the next

command, KIGH 14. 5o, if either pin 4 or pin 3is turned on, or if both are turmed

on at the same tinne, then pin 14 will be activated and turn on the LED.

Hakmg Sense of it All

ne

Notes:

Making Sense of It All
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Reflection

n ]

o?

Reflection

||'|'PH““ Reflect on your learning experiences during the second Explerelion and answer
the following questions tn the [nventor's Logbook spaces provided.

W
Lﬂghm 1. Describe how the OR and AND functions are different.

Reflection gk 85

Students should go through each

of the following questions in their
teams to make sure they understand
the OR and AND functions.

2 How is Boolean bogic used in manufachring?

1. Describe how the OR and AND

functions are different.
The AND function requires both

sensors to be activated or closed in

order for the output to be activated.

The OR function requires only one
. 128 Proect ProBase = Mamudacoenng Technologies
sensor to be activated or closed for

the output to be activated.

2. How is Boolean logic used in manufacturing?
There are a variety of examples students can come up with. The
Engagement phase provides some authentic examples of the use of
a variety of sensors programmed with Boolean logic. For example,
for safety reasons many large machines must be operated by
employing two different sensors so both hands are free from
danger.

[18  Project ProBase * Manufacturing Technologies



Engagement

Engagement

The following pages present four different manufacturing scenarios. Each
scenario presents authentle examples of the need to incorporate a varlety of
sensors in order to solve comples manufacturing problems. Your instructor
will assign you to a team that is required to develop a plausible solution for
OME of the scenarios

Folbow these guidelines below as you attempt to solve the soenario assigned

to your team
To build the circuit you will ﬂ
1. Your team should first solve the problem need to obtain the following
on paper using a schematic and develop a materials from your instructor:
program based on the program used in the B
activities above, 470 01 Restistar
2] 220 [} Resistors.
2. After the schematic and program are (21 WK (1 Resistors
approved by your instrector, construct the LED
circuit and attach the appropriate sensor. mr'ﬁ
I'he foot switch, the foat switch, and the 4 A batlery pack
inductive proximity sensor will need more S battery
power to operate correctly. See the sche-

matic on the following page to undesstand
how to wire these devices property to the HomeWaork Board.

3. When the program is working correctly, sinmilate the scenario to make

sure the output will activate according o the given inpul.

Hakmg Sense of it Al 121

Engagement

Materials needed per team:

BASIC Stamp HomeWork Board
470 €2 Resistor
(2) 220 Q) Resistors
(2) 10K Q) Resistors
LED
Jumper wires
Sensor(s) and switch(es): Students will need to decide which one(s) to use.
4AA battery pack
9V battery

Making Sense of It Al 119



In teams, students are challenged
to solve one of the following manu-
facturing scenarios. They are asked
to follow the given guidelines with
their solution. The foot switch, the
float switch, and the inductive prox-
imity sensor will need more power
to operate correctly. See the sche-
matic to understand how to wire
these devices property to the Home-
Work Board'’s project platform.

120 Project ProBase * Manufacturing Technologies

1

Engagement

Subsitute any of thess
symiols Into the diagram

£~

Scenario One: Stop that conveyor!

A conveyer system  that  trans- |
ports cardboard boxes filled with
foil packs containing frozen foods
occasionally jams and peeds o be
stopped before the boxes begin to "
fall off. The system needs to be able 8
to skop the conveyor in two places
where the jam oocurs and where B
the boses are past the jam. Design

a checull that allows the conveyor o
“see” the jam and stop the conveyer

in the appropriate places.

Project ProBiase * Manufacnng Technologaes

Subsitute any of these
symbols into the diagram

Figure 6. [ |
Engagement OI 03'0 | y’o
schematic |
|
I
(.
Vss vdd
P? D——AN\- T
220 Q
I
6v




Engagement

Scenario Two: 1s the tank half full or half empty?

Avsoft drink beverage company has a recipe that it has followed for more than
1} years. It relies on just the right amount of a secret (liquid) ingredient in

solicited your team’s help to monitor the level of this ingredient in the tank
so that it does not run out or is wasted. Design a circuit to monitor the level
of this Nguid in the storage tank. A light should come on when the tank is
becoming empty or getting too full

every balch of beverage. This ingredient |s so important that the company has ﬂ

Scenario Three: Safety first!

An  outdoor sign manufacturing  company  just
purchased a very large sheet metal shear. The company
iz conceried about operator safety. Before the machine
is delivered, the company wants to have a system in
place that requires the operator to have both hands free
frorm the shear before operating a foot swiltch. Design a
circuit to ensure operator safety:

Hakmg Sonse of it Al 113

Notes:
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Engagement

Adter your team has successfully developed a working model for vour scenario,

After each team has developed a you should present your solution to the class. Each presentation should last 3-5

minutes and provide answers o the following questions.

solution they should present it to the et _ _
* How ettectively does the solution work?
class. Each presentation should last Lng-ﬁ@l
3-5 minutes and provide answers to Logbook 5.6
. X * How did the challenge constraints affect the final design?
the following questions. m

. * Was additional knowledge required to solve the problem?
¢ How effectively does the solu-

tion work?

° HOW dld the Challel’lge # If more time was available, what additional design changes could be

made?

constraints affect the design?

¢ Was additional knowledge

required to solve the problem?
¢ If more time was available,

what additional design changes
could be made?

M Proect ProBase * Manufacnng Technologaes
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Expansion

Select one of the following Expmision activities to engage in and follow the
directions.

1. Several sensors have been explored during, this learning cycle. However,
there are other sensors that were not explored. Conduct research bo
discover ak least three different sensors that were not covered in this

learning cycle and write a report about them, Your report should

include an explanation about how they work and where they are ﬂ

commionly used,

rd

. This learning cycle has introduced the concept of Boolean logic in its
simplest form (e, OR and AND). There are also other functions such as
MO, MNAND, and NOR. Conduct research bo find the logic behind the
MOT, NAND, and MOR functions Sketch the schematic symbol used to
reprasent these and provide a ladder logic diagram.

M REER
ORMNECTIONS

Conveyor Operame
In
Maching Serrer el Chirloak Handbouok s

wwew s govloon
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Expansion

Although not required, these Expan-
sion activities are designed to cause
teams to delve deeper into the
concepts explored in this learning
cycle.

1. Several sensors have been
explored during this learning
cycle. However, there are other
sensors that were not explored.
Conduct research to discover
at least three different sensors
that were not covered in this
learning cycle and write a
report about them. Your report
should include an explana-
tion about how they work and
where they are commonly used.

2. This learning cycle has intro-
duced the concept of Boolean
logic in its simplest form (i.e,,
OR and AND). There are also
other functions such as NOT,
NAND and NOR. Conduct
research to find the logic
behind the NAND and NOR
gate. Sketch the schematic
symbols used to represent these
gates and provide the ladder
logic diagram.
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Preparing for the Challenge -

Progress on a solution to the Primary
Challenge is an important consider-
ation of this learning cycle. In their

Primary Challenge teams, students Mﬁg}_’a}

are aSked to dlSCuSS and deClde J——?r'P __::',_L;A——’l]a In your Prmary Chalienge teams, discuss and decide which
. . . reparim = sensor(s) or switch{es) your soap dispensing device will use, In

Wthh Sensor(s) or SWltCh(eS) thelr f{ﬁ' ThE chal El'lgl’. the nventor's Logbook space below, draw a schematic and a flow

d- . d . -11 charl describing how the sensor will be connected to your device and

Soap 1Spen51ng evice will use. hew the sensor will work. In addition, develop the programming, that will be

They are asked tO draW a SChe- used to control the output of your device using your chosen sensor.

matic and a flow chart in the space ek

provided describing how the sensor ﬂ LDEP@‘

will be connected to their device Lghosk 57

and how the sensor will work. In
addition, they should develop the
programming that will be used to
control the output of their device
using their chosen sensor.

Student Assessment

An assessment rubric has been

developed for the Exploration and
. 126 Proect ProBase = Mamudacoenng Technologies
Engagement activities. Feel free to

change this rubric to better suit your

particular needs.

124 Project ProBase * Manufacturing Technologies



Making Sense of it Al

Criteria
Element Points
4 3 1 I
1
Completed Completed Completed
‘ Completed most of the some of the
Exploration ey activities with O activities
activity with activities .
| and Il . above average . and/or with
exceptional . with average
uality quality. uality below average
d ' d ' quality.
Created an Created an ar?;f/itread o Did not create
exceptional above average solution %r a solution
Engagement solution to solution to chose an or did not
one of the one of the . . follow the
. . Inappropriate .11
scenarios. scenarios. ensor guidelines.
Answered Answered Answered Answered
Inventor’s all questions all questions most .
. . few questions
Logbook Entries correctly and correctly and questions correct]
in detail. in some detail. correctly. Y
Completed Completed Completed Clz:;l rllgtte
one of the one of the one of the one c}:f the
Expansion activities with | activities with activities L
. . activities or
exceptional above average with average
ualit quality. quality. was poor
d Y ' ’ quality.
Totals

Making Sense of It All
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It's NOT a
Relay Race

Introduction

In this learning cycle, students will
be focusing on applications of elec-
tromagnetic relays and how they
work.

Students are asked to solve a design
problem with a schematic drawing.
They are then introduced to a better
solution to the problem using a
relay. Students will build a relay and
then complete activities using two
different types of commercial relays.

Objectives and
Essential Questions

1. Understand how relays work.

Essential Question 4b: What are the
key elements of the various
technological systems and what
are the relationships between
these systems?

2. Create a working relay.
Essential Question 9d: How is tech-
nological instrumentation used
to measure, calculate, manipu-
late, and predict the actions
of technological devices and
systems?

3. Construct a circuit using a
commercial relay.

Essential Question 9a: How are
technologies used to control
devices and systems?

Introduction

ANY MANUFACTURING PROCESSES, as well as ranufactured
M products, rely on the use of devices called electromagnetic

relays to switch things on and off automatically. Electromag-
netie relays are avallable in a number of configurations and are
used to control & wide variety
of devices such as digital
computers, washing machines,
refrigerators, dishwashers, and

other automated systems.  For -
example, i a dishwasher relays are
used to turn on heating, elements, acti-
vate sprays of hot water, illuminate lights on
the outside of the unit, and control a number of other features

required by the consumer. They are amazing and important devices that

operate quietly behind the scenes to do many things for us.

During this learning cycle you will explore what relays are and how they can
be used o control machines and processes within a manufacturing context.
To better understand how relays work, you will go through a set of activities
that demonstrate the need for and explain the use of relays. First, you will
need o draw a schematic diagram to solve a design problem, Then you will
construct a relay from the materials provided. After this, you will construct
a circuit using a commercial relay, followed by connecting a dip relay to the
BASIC Stamp HomeWork Board and a solenaid valve.

Objectives
After completing, this learning cycle, you will be able to

I. Understand how relays work.
2 Create a working relay.
1. Construct a circuit using a commercial relay.

I3 Proect ProBase = Mamudaconng Technologies

design technologies
criteria

micro
factors

Manufacturing Technologies
Learning Cycle Six Concept Map

control
devices
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instrumentation
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Manufacturing

systems

design
criteria

attributes &
principles
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(7) switches
Exploration

(7) LEDs

(7) 2 AA batteries and holder or 9V
batteries and holder

(7) 1 AA battery and holder

Electrical wire

(7) Clear (spade-terminal) relay,

Exploration 12 VDC suggested source

I'he basic concept behind relays is really prefly simple. A relay is a small MCMaSter-Carr art #7266K41
machine consisting of an armature, an electromagnetic ooil, a swiich, and a p

spring, What relays do is connect two separate and completely independent E

circuils. The point of a relay 1s 10 use a small amount of power in the electro- .

magnet o move an armature, which is able to switch a much larger ameunt (7) Dlp rela}]’ 5VDC SuggeSted

of power. The spring holds the switch in one position until 2 curnent is passed source ]ameCO #138430 CP

through the eoil. The coil generates a magnetic field which moves the switch.
Relays can be activated by a very small amount of carrent and the switch can
often handle a lot of current, For example, the electromagnet may be energized .
by 5 volts and 50 milliamps, while (28) Lantern batterles
the armature can support 120 volts
at 2 amps. So, basically, you can

control large power ciecuils with (7) Push—button Sensors

small penver inpaats,

ipST
lormally fpes)

-
l -

Jumper wires

nm'..;r.g.e'.;n];_::;:ia;m (7) Alligator clip sets @

(7) Solenoid valve, 24VDC
suggested source MSC Indus-

Ie's MOT a Melay Race 131

trial Supplies Order #07420946

F&CIlIty Requirements BASIC Stamp HomeWork Board

. . . . BASIC Stamp serial programming
No special facility requirements are required as long as bl
cable

students have access to computers with Internet access and a

place to design and build their relay models. BASIC Stamp Editor software
Equipment and Materials
Based on a class of 28 students:

Wood nails, and screws

Sheet metal

(7) Ink pen springs
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Exploration
Estimated number of 50-
minute class periods: 5

Suggested Daily Outline

The inner workings of a relay are beat described by a model. All electromag-

D 0 D -I- netic relays contain an electric il powered by AC {alternating currentj or DC
a)' ne a)' wo {direct current). When the coil is energized, it generates a magnetic force that
actuates of iriggers a switch mechanism. The electromagnetic force relays the
action from ene circuit fo another by activating the load circwit. These circaits,
. . however, must not touch and do not become one comtinuous circuit. The load
Explomtzon E'xploratwn circult is the ciecull that operates the device such as a motor, Hght, or other
reloy. Figure 115 a pictorial diagram of a simple, normally open single-polke,
single-throw relay.
Day Three Day Four
Control cincuit
© =
Reflection,
Engagement ol
Engagement mm
Day Three _ Figure 2. Funciional flow dizgram of a sngle-pole, sngle-theow relay
The term single pole (5I') contact means that all contacts in the relay connect
in one position to a commen contact {see Figure 1). The term single throw
Engagement, [5T) comibact mwsans that the relay's contact is open in one position and chosed
Preparing in the other, Single-pole, single-throw (SPST) relays can control only one load
circuit. Study the functional flow diagram in Figure  to get a better under-
for the Challenge el 3
standing of how single-pole, single-throw relays work,

31 Proect ProBase * Manufacnng Technologaes

SPST Exploration
(Normally Open)

The first part of the Exploration is an introduction to the basics

of relays. The activities that follow allow for an understanding

I\H I\._ of why relays are used and how they work. Students are asked
| | to design a solution using the servo motor, which is not the

=
=
o
=
=
=
o

most efficient method. After they have solved the problem with
Resting State Energized

A& = coil terminale a schematic, a relay is revealed as the better solution. Students
W = common terminal of load circuit

0= normally open terminal of load circuit are then asked to create a working relay from the materials

Figure 1. Single pole, single throw relay provided.
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Exploration

Design Problem

The local supermarket has encountered a design problem in which it needs
the lights io be tumed on and off in the produce section foe a few hours in the
evening when the store is closed and the ather lights are off. They have come
ta your class for help. Your instructor has agreed to help the supermarket and
15 asking you for a solution.

Solution

Drawing from the knowledge you have gained in the previous two learning
cycles, how would you solve this design problem? How could you use the

BASIC Starmp microcontroller and the standard servo motor? Diraw a sche-
matic diagram il lustrating how to use the servo to solve the design problem,
In addition, develop and explain the program that would be sent to the BASIC . .
Stamp in the space provided and answer the questions that follow. I tﬂml‘ ASSIgn the Students mn teams Of
i
3 or 4 and have them follow the
otk . .
Log) constraints listed below:
Logbook &.1

1. The power source for the
control circuit and load circuit
must not exceed 3 volts DC.

2. The control circuit and load

circuit must have different
Ie's MOT a Melay Race 133 .
power sources and different

voltages.

[ <
Magnetic force
actuates switch
mechanism

Control circuit
supplies power

Switch
mechanism
activates
load circuit

Coil generates
“magnetic force

Figure 2. Functional flow diagram of a single-pole, single-throw relay
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Exploration

1. Do you foresee problems with this solution?

Loghoak 62

2. If you had access to other equipment besides the serve molor, what
wonild vou use?

m A you have protably discovered while designing a solution to the supermar-
ket's problem, the use of a servo motor to perform this function is perhaps
ned the best salution. What would be a more efficient way o have the light

switch turn on and off without using the servo mator or by turming it on and

‘iafeq' | -~ offt manually?

A Better Solution

mﬂ::;:m A relay could be used to salve this design | OBfin from your instructor
Deirgiamil mattheingls  problem. The relay would be a more the following materials:
bbb compact and efficient solution than the Woad, nails, and serews
servi. A relay would not only replace the Ink pen spring
servo, but it would also allow for more Shestmetal
power to be used to Hip the switch, m;wmmmm
Electrical wire

I3 Proect ProBase = Mamudaconng Technologies
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i Teaching

| Due to time constraints

P and the amount of

§ resources needed, you
may want to complete this

activity through a demon-

To better understand how a relay works, your
instruckor will assign teams of three or four
to create a working model of a single-pole,
sngle-theow relay.

stration. You may decide to
build the relay and demon-
strate it along with a clear

Folbow the schematic and picture in Figures 3
and 4 bo comstruct your relay, Your design must

also conform fo the following constraints:

housed industrial relay.

1. The power source for the control circuit

amd loesd circuit must not exceed 3 volts Fiplire . Ridsy’ schesniaic
of DC.

| The comtrol drcuit and losd crewit H
must have different power sources and

different voltages.

rd

A Better Solution

Students are then introduced to
commercial relays and asked to

PP — construct a circuit using a clear

miniature spade-terminal relay.
They should follow the schematic

I NOT o Ry hace 138 provided and observe the electro-
magnet within the relay working.

Figure 3. Relay schematic

Figure 4. A model of a relay
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Students are asked the following

. Exploration
questions:
1. Describe in your own words
how the relay you created
works.
Students should describe that by
using a small amount of power to
. 1. Describe how the relay you ereated works.
activate an electromagnet, a relay
is able to activate a much larger .
e
amount of power for a separate
'\L 1 Do the two separate cirouits conmect as one through the relay? Why or
circuit. Lng‘ﬂ““ why not?
Loghook §.3

2. Do the two separate circuits

connect and become one m

3. How does the electromagnet work within the relay?

through the relay? Why or

why not?

No, the separate circuits never
connect; that would blow the
lower voltage circuit.

3. How does the electromagnet
work within the relay?
All electromagnetic relays contain

an electric coil that, when ener-
I3 Proct ProBase = Mamudacoenng Technologies

gized, generates a magnetic force

that actuates or triggers a switch

mechanism.
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Exploration

As you have discovered, the relay you
hisve created is not very small. Like most
electronic devices these days, commer-
clal relays are much more compact and
are available fo meet a wide variety of
demands and applications. Commercial
relays alzo have the advantage of control-
limg; several variables at the same time
The veltage and current that is needed
1o activate the armature varies, as does
the maximum voltage and corrent that
can run through the armature and the
armature contacts. You can also specify
whether the contact is normally open or
normally closed

By using two lantern batteries, you can
comstract a circuit using a clear commer-
cial relay. Follow the schematic to build
the new circuit using the alligator clips

and wire to conmect the componenis and

cbserve the electromagnet within the ©

relay working,

Olbstain from your instruckor
the following materials:

Clear commerdial relay
[4] Lantern balleries

Alkgator dlijps and wire

Push-button sensor

Jumper wires

LED

4 MR batimim il shs
wark)

IM
W? E,h <.‘||n

129
WO ey

Figure 5. He lay schematic

Safety 3

B cateful fat 10 e ey
ST o thi battiry.
Diviray 3o will LS e
Lathon i th wiest

Ie's MOT a Melay Race  13]

Safety &

6V

6V

Figure 5. Relay schematic

Push
button

oo

ll'J_.'l'l_

6V (4 AA batteries will also

work)

12VDC

SPDT Relay

Caution: Be careful
not to directly short
out the battery.
Doing so will melt
the insulation on the
wires!

It's NOT a Relay Race
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Reflection -
The students will be responding
to the following questions in the =

Inventor’s Logbook space within -*
their text:

1. What activates the electro-
magnet in the circuit you
built?

Reflection
Respond to the following in the Inventor's Logbook spaces provided

1. What activates the electromagnet in the circuit you buile?

The electromagnet is activated

by the lower voltage and moves I.Df,mm
2 What are the essential components of all types of relays? How do they

the armature, which causes m Loghook 64 swork together to funetion as a relay?

the switch to activate the other

circuit.

3. What types of devices are controlled by relays?

2. What are the essential compo-

nents of all types of relays?
How do they work together to
function as a relay?

The essential components of all
relays are the electromagnet,
armature, spring, and electrical

contacts. The spring holds the

3 Proect ProBase * Manfacnng Technologaes

switch in position until a current

is passed through the coil, which
generates the magnet to move the 3. What types of devices are controlled by relays?
switch. Relays are used when a very small amount of current is needed to

operate a switch that can handle a larger amount of current.
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Engagement

Engagement

The Engagement phase allows the
students to use a dip relay with
the BS2 to control a solenoid valve.
This activity will help the students

complete the Primary Challenge.
Engagement

Mow that you understand what a relay is and how it works, you can use a 1 . 1 . 1
different type of relay, called a dip relay, and the BASIC Stamp to conleol a A SO enOId valve is an electro-

slemoid valwe, . .
% mechanical device that takes an

A salenoid valve is an electro-mechanical device that takes an elecirical input

and provides 2 mechanical output. Solenoid valves are often used in indus- eleCtriCal input and giVeS a mechan'
trial conveyors and machines because upon receiving an electrical impulse, . .
they can move mechanical joints and components. ical Output Solenoid valves are often
e it used in industrial conveyors and
Cibtain from your instructor E . ..
the following materials: machines because upon receiving
+ Dip reday . .
;ﬂ umpes s an electrical impulse they can move
— Alligatar clips and wire . L.
BT Fgures ey KA mechanical joints and components.
schematic (4} Lantern battaries

Fodlow the schematic above to build the circuit using the alligator clips and
wire to connect the components.

Omee you have the circuit connected properly, insert the code below into the fOHOWll'lg program into the BASIC
BASIC Stamp Editor.

Students are asked to enter the

SR s Stamp Editor software:

Y|SPBASIC 2.51
‘{$SSTAMP BS2}
‘' {SPBASIC 2.5}

Ie's MOT a ebry Race  13%

HIGH 9 Turns pin 9 on
PAUSE 3000 Keeps pin on for 3 sec.
LOW 9 Turns pin 9 off
PAUSE 4000 Keeps pin off for 4 sec.
b END Ends the program

6V 6V 6V 6V

ol

The above program allows the valve

to be activated for three seconds

PO before the program ends. If students
Solenoid valve . .
would like the program to continu-
5VDC “ i
L SesTrely ously loop, the “DO” command

can be inserted above the “HIGH
9” command and the “LOOP”
command can replace the “END”

Figure 6. Relay schematic

command.
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Expansion

Although not required, these Expan-
sion activities are designed to cause
teams to delve deeper into the
concepts explored in this learning
cycle.

Students should select only one of
the following Expansion options.

1. Identify at least two uses of
relays around your home and at
least two uses of relays within
manufacturing facilities such as
heat treating, quality control, or
product distribution. Where are
they used?

Expansion

Select one of the following Expansion activities to engage in and follow the
directions.

1. ldentify at least two uses of relays around your home and at least two

I “ﬁli uses of relays within manufacturing facilities such as heat treating,
%\ quality control, or product distribution. Where are they used?
m Loghook 6.5
2 Identify at least one other type of relay bevond the single-pole, single-

throw relay and describe where this type of relay is used in manufac-
turing and draw the schematic symbol(s).

148 Proect ProBase = amudacoenng Technologies

2. Identify at least one other type of relay beyond the single-
pole, single-throw relay and describe where this type of
relay is used in manufacturing and draw the schematic
symbol(s).

3. Disassemble a discarded product such as a VCR, stereo
system, or electric appliance to find out how relays are
incorporated into the design and how they affect the func-
tionality of the device. Record your findings in the space
provided.
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3 Disassemble o discarded product such as a VCR, stereo systern, or elec-
tric appliznce to find out how relays are incorporated into the design and
how theny affect the functionality of the device. Record your findings in

the space provided,

Ie's MOT a Helay Race

Notes:

It's NOT a Relay Race
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Preparing for the Challenge

As students complete this final
learning cycle it is time to begin
working full-time on the solution
to the Primary Challenge. Allow
students some time in their Primary
Challenge teams to review the ques-
tions posed at the beginning of

this Learning Unit. As a team, they
should determine whether or not
they have been able to answer all of
these questions. They should also m
be able to add some questions to this
list- questions that have been gener-
ated through their experiences in the
learning cycles. Encourage students
to reflect on their conceptual growth
through this Learning Unit.

Student Assessment

An assessment rubric has been

developed for the Exploration and

L1

Preparing

B RE € R,
ORNECTIONS

Elecrrical Inmaller
Ser Designer
Elecrrical Engingser

!
Department of Labar's Oceu-
patiomal Outloak Handbook at:

wnew, blspovfoco
b

As you complete this final leaming cycle, it is time to pull your

\ knowledpe together and solve the Privary Callemge. Inyour
1 | Q- Primary Challexge teamns, review the questions that were posed
i T at the beginning of this Learning Unit. Have you been able
%ﬁeﬁ_ﬁ_—:&; o answer all of them? Have you generated new questions
fur thE (hal en through your journey? It so, add them to the original ques-

BE ticns and discuss possible answers with your team and the larger

class. The remaining time in this unit will be devoted to working

s a beam as you develop a solution to the Primary Chnllenge,

Project ProBiase * Manufacnng Technologaes

Engagement activities. Feel free to
change this rubric to better suit your
particular needs.
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|t's NOT a Relay Race

Criteria
Element Points
4 3 2 I
Completed Completed Completed C(;;npl?tte}:ld
Explorati every activity activities with most of the stci) itei © ned /
Xploration with exceptional above average activities with Zi v\\;itlf i)eziow
quality. quality. average quality. average quality.
C‘?“Tp lete.d Cqmpletgd Completed Completed ac-
E t activity with activity with tivity with tivity with .
ngagemen exceptional above average acr Vity w i Vi Wlit poo
quality. quality. average quality. quatty:
Inventor’s Fully answered Answered most Answered few Did not answer
Losbook all entries and of the entries entries and entries and did
0gboo provided good and provided provided few not provide
Entries examples. some examples. examples. examples.
Completed one Completed one Completed one corglcliertl:f)ne
E . of the activities of the activities of the activities ¢ th P tivit
Xpansion with exceptional with above with average OF the acvities
quality. average quality. quality. or was poor
quality.
Total

It's NOT a Relay Race
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pf/f' S@ Manufacturing Technologies

Inventor’s Logbook

Name: Date: Activity:
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Teamwork Rubric

Observation of:

Total
Points

Helping -
students offer assistance
to one another

Consistently

Most of the time

Some of the time

None

Listening -
students work each
others’ ideas

Consistently

Most of the time

Some of the time

None

Participating -
students contribute to
project/activity

Consistently

Most of the time

Some of the time

None

Persuading -
students exchange,
defend, and rethink

ideas

Consistently

Most of the time

Some of the time

None

Questioning -
students interact, discuss
and pose questions to all

team members

Consistently

Most of the time

Some of the time

None

Respecting -
students encourage and
support ideas and efforts

of others

Consistently

Most of the time

Some of the time

None

Sharing -
students offer ideas and
report their findings to

each other

Consistently

Most of the time

Some of the time

None

Collaborative -

overall team work

Consistently

Most of the time

Some of the time

None

Total Points

Additional comments:
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Sample Product Questionnaire (Results and Example Analysis Included)

Candy Land, Inc.
Please help us serve our customers better by taking a few minutes to complete this survey. Simply
circle the answer that best describes you.

Total number who completed the survey: 10
1. Gender
A.Male: 5_ B.Female: 5_

Example of Statistical Analysis:
2. Do you eat candy at least once a week?
A.Yes:_7 70% of total
4 males = 57% answering yes were males and 80% of all males answered yes
3 females = 43% answering yes were females and 60% of all females answered yes
B. No:_3 30% of total
1 male = 33% answering no were males and 20% of all males answered no
2 females = 67% answering no were females and 40% of all females answered no

3. Where do you purchase (or get) candy most often?
A. Grocery Store:_1_(1 male)
B. Home:_5 (3 males, 2 females)
C. School:_3 (1 male, 2 females)
D. Other:_1_(1 female)

4. What is your favorite type of candy? Hard candy or soft, chewy candy?

A. Hard candy:_6 (4 males, 2 females)
B. Soft, chewy candy:_4 (1 male, 3 females)

5. Of the following, what is your favorite flavor of candy?

A. Chocolate:_5 (2 males, 3 females)

B. Fruit flavors:_2 (2 males)

C. Caramel or Butterscotch: 2 (2 females)
D. Mint:_1 (1 male)

6. What influences your decision on which type of candy you buy most often?

A. Cost:_3_ (2 males, 1 females)
B. Mood/Appetite:_1 (1 female)
C. Flavor:_2 (2 females)

D. Varies:_4 (3 males, 1 female)
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Material & Process Evaluation

For the Process Family, indicate how the part was processed when the product was manufactured.

Sub-
Component

Material Family

Process Family

Metallic

Wood | Ceramic

Plastic

Forming

Fabricating

Separating

Conditioning

Learning Cycle One
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Team Name:

Team Leader:

List of responsibilities:

Design:

1.

2.

3.

4.

Marketing:

1.

Finance:

Ergonomics/Safety/Environment:
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150 Project ProBase

frgerivg etz ENAuring Understandings Essential Questions

1. that technological progression is driven by a number of factors, including individual creativity,

product and systems innovation, and human wants and needs.

a.

b.

How are new technologies developed and marketed?

What social, cultural, and political pressures lead to the need or want for new
technologies?

What are the specific roles of professionals involved in technological adaptation and
change?

What factors need to be in place for new technologies to be viable in the national and
international marketplace?

What are the fundamental processes/principles used to develop new technologies?

2. that technological development for the solution of a problem in one context can spinoff for use

in a variety of often unrelated applications.

a.

b.

How do technologies migrate from one context (or location) to another and what are the
implications?

What roles do the patent, trademark, and copyright laws play in the dissemination of
technological ideas?

How have technological innovations caused paradigm shifts throughout history and
what are these major shifts?

3. that technological change can be positive and/or negative, and can have intended and/or

unforeseen social, cultural, environmental, and political consequences.

a.

b.

What are some of the unforeseen consequences of specific technological changes
throughout history?

How can a technology cause both good and harm and how do humans prepare for or
respond to these impacts?

4. how technological systems work, the components of those systems, and how they fit into the

larger technological, economic, and social systems.

a.

b.

What are the systems and subsystems involved in the various contexts of technology?
What are the key elements of the various technological systems and what are the
relationships between these systems?

How do various technological systems influence the economy, society, the environment,
and culture?

5. that there are compelling and controversial issues associated with the acquisition, development,

use, and disposal of resources.

a.

b.

C.

What kinds of resources are required in each of the eight technological contexts?
What is the relative value of specific resources used in technological systems?

To what extent have resource issues (acquisition, development, use, and disposal)
affected the direction of technological development?

What resources are needed to solve a specific design problem (people, information,
materials, tools, capital, energy, time, technical ability)?

A Project ProBase * Manufacturing Technologies



6. that the complexities of technological design involve trade-offs among competing constraints
and requirements, including engineering, economic, political, social, and environmental
considerations.

a. To what extent have optimal designs been achieved in the eight technological context
areas?

b. What are the key factors that cause designers to make decisions about trade-offs,
limitations, and constraints when designing new products and systems? (Micro Factors)

c¢. How can members of the public, politicians, or the state of the economy influence the
design of new technological products and systems? (Macro Factors)

d. How can social values and principles guide in the development of solutions to
technological problems?

7. that technological design is a systematic process used to initiate and refine ideas, solve
problems, and maintain products and systems.

a. What are the five primary methods through which technological problems are
solved and how do they differ (i.e,, troubleshooting, research and development,
experimentation, invention and innovation, design problem solving)?

b. To what extent can design problems be approached through a series of generic
procedures (the design loop)?

c.  What design criteria is typically considered when developing new technologies (i.e.,
marketability, safety, useability, reliability, cost, materials, etc.) and how do these
influence the final product/system design?

How are decisions made regarding information that should be discarded or ignored?

e. How can the attributes of design and the principles of design aid in the development of
quality solutions?

f. How can the establishment of relationships, controlling variables, categorizing
techniques, and making inferences aid in the development of new technological
designs?

8. how to evaluate the benefits, limitations, and risks associated with existing and proposed
technologies.

a. How does a risk/benefit analysis aid the designer in addressing potentially harmful
effects prior to development?

b.  What are some important ethical decisions that should be considered when developing
any new technology?

c. Are all product/system designs created for the purpose of adding social value?
How are ethical considerations, economic considerations, engineering realities, and
political forces balanced during technological innovation?

e. In what ways are technological needs and wants being balanced with long term
environmental or social consequences?

9. how to utilize a variety of simple and complex technologies.

a. How are technologies used to control devices and systems?

b. How do technologies communicate with one another and provide information to
humans?

c. To what extent are technological systems and devices controlled by people and to what
extent are they controlled by other technologies?

d. How is technological instrumentation used to measure, calculate, manipulate, and
predict the actions of technological devices and systems?
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In addition to Manufacturing Technologies, the ProBase curriculum series offers seven other Learning

Units. The eight ProBase units can be used independently, in conjunction, or as an entire curriculum pack-

age. A brief description of each of the ProBase learning units follows. For more information, contact the Cen-

ter for Advancing the Teaching of Technology and Science.

Energy and Power Technologies

This unit examines how energy and power sys-
tems can be made more efficient and how they
may be utilized in problem solving. The unit
also focuses on how modern energy and power
systems impact cultures, societies, and the en-

vironment.

Construction Technologies

Medical Technologies

This unit explores the factors influencing the de-
sign and construction of various structures, in-
cluding the infrastructural elements, communi-
ty development factors, and environmental con-
siderations. In addition, the unit provides expe-
rience with hands-on construction techniques

and with modeling structures to scale.

This unit provides an analysis of how medical
technologies are used to increase the quality
and length of human life, and how increased
use of technology carries potential consequenc-
es, which require public debate. The tools and
devices used to repair and replace organs, pre-
vent disease, and rehabilitate the human body

are also explored.

Entertainment and Recreation Technologies

The unit explores technological entertainment
and recreation systems and how their use im-
pacts human leisure-time performance. The so-
cial, cultural, and environmental implications
of entertainment and recreation technologies

are also examined.

Agriculture and Related Biotechnologies

Transportation Technologies

This unit provides an analysis of the various
uses and ethical considerations of biotechnol-
ogy. The unit also examines how agricultural
technologies provide increased crop yields and
allow adaptation to changing and harsh envi-
ronments, enabling the growth of plants and

animals for various uses.

Information and Communication
Technologies

This unit looks at the complex networks of in-
terconnected subsystems that comprise trans-
portation systems and the roles of these compo-
nents in the overall functional process of trans-
portation. The unit also provides an analysis of
the improvements and the impacts of transpor-
tation technologies on the environment, society,

and culture.

This unit examines how technology facili-
tates the gathering, manipulation, storage, and
transmission of data and how this data can be
used to create useful products. The unit also ex-

plores how communications systems can solve

technological problems.
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